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CERTIFICATE OF INCORPORATION 



INSTITUTE OF MARINE ENGINEERS. 



5 Jmbg fl/Wtifg that the Institute of Marine 
Engineers (the vord *' Limited " being omitted by Laoense of 
the BoBrd <d Trade) is this day incorporated under the 
Companiee' Acta 1862 to 1886, and that the Company is 
limited. 

Given under my hand, at London, this Thirty-first day of 
July, One Thousand Eight Hundred and Eighty-nine. 

lies and Deed Stamps, £S 5». Od. 
Stamp Duty on Capital, £ 

EUNEST CLEAVE, 

Auiitant Rtgittrar of Jovnt Sioti Campmiei. 



MEMORAKDA. 



Erery Companjr regutered nndar the Compamea* Act, 1S62 (bb. 3(^—40), 
miut, before carrying on bunness, file with the Regiitanr ol Joint Stock Compamca, 
Somenet Hotue, a Notice of the ntaation of ita Begirtered Offic«, and sabsequently 
of Kny chftDAe thvein. 

Every Company having a Capital divided into Shares, muet file annually wittk 
the Begietrar, a Sammary of ite Capital, and List of its Memhen (ss. 26 — 27), m&de 
up to the 14th day alter the Brat Oidinary Oeneral Ikleeting in each yaar, and to be 
regifteied within 7 days after moh 14 days.* 

Every Company (ormod and<r the Companies' Act, 1862, must hold a QeaersI 
MeetJng within four months after its Memorandum of Association is registered 
(Co.'s Act, ISeT, B. 39.) The first return of Capital and Hemben is to be made up 
to the t4th day after this meeting, and registered within 7 days of such 14tli day. 

A oopy of every Special Besolution passed by a Company (ss. SI — E2) most be 
printed and forwarded to the Hegistrar within IG days from the date of the con- 
firmation of the Besolation. 

AH Documents tendered for Begiatietion must be signed by an authorised 
Officer of the Company (s. 64c], andmust he according to the approved Forms, and 
bear an impressed Companies' BegistratioD Fee Stomp of fii., except in the case of 
an increase of Capital, when an ad valortm Stamp, in addition to the Registration 
Fee Stamp of 5s., most be impressed upon the prescribed Form for giving notice of 
Buoh increeoe (s. 34). 

Stamped Forms for the vaiions Notices and Betums under the Companies' 
Act may be obtained at the Companies Begiitration Office, Somerset House. The 
chaige is S/2 for oach stamped Form, except for a Memorandum of Association or a 
Notice of Increase, in which cases the Fee depends npon the nominal capital. 
Unstamped continuation Forms tor Lists ot Members are sold at one penny per 

* The provision does not apply to a Company registered pnrsnant to s. 23 of 
the Companies Act, 1867, and holding a License from the Board of 
l^ade to di^enfe with the word " Limited " ss part ot its name. 
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inemocanHum ot 9i»cioctatton 
Institute of Marine Engineers. 



1. The name of the Assooation is "Tub iMsriroTE of 
3£arine Engineebs." 

2. The regiBtered office of the Ajssociation will be eitaate in 
Sogland. 

3. The objects for vhioh the Association is established are : — 



{a) To promote &e science and practioe of Marine 
Engioeering in all its branches. 

(b) To enable Marine Engineers to meet and to 
correBpond, to facilitate the interchange of ideas respecting 
the improvements in, and original and improved metDode of 
working maohineiy, and the publication and communication 
of information on such eubjeots. 

(c) To maintain and improve the status of Marine 
Engineers and the profession of Marine Engineering, to 
afford facilities for education, study and self-culture to 
Hame Engineers, and to promote their progressive advance- 
ment in knowledge of their profession. 

(d) "With a view to carrying out the objects aforesaid, to 
establish and carry on Institution premises and premises in 
connection with the Institution, and thereon to supply to 
members and persons entitled to attend meetings of the 
Association, and on complying with all conditions required 
by law, refreshments and accommodation of all kinds, to 
charge reasonable and proper sums for such refreshments 
and accommodation, and to enforce payment of such sums. 

(e) Subject to the provisions of the 2lBt section of 
" The Companies Act, 1862," to acquire, borrow, lend, and 
dispose of property for the purposes aforesaid. 



( /) To do all encli other lawful things as are inoidentaL 
or conducive to the attainmeDt of the above objects, provided 
that the Institute shall not impose on its Members, or support 
with its funds any regulation the enforcing of which eould 
not properly be aa object of the Company registered under 
" The Companies Acto of 1862 and 1867." 

4. The income and property of the Association, whence- 
Boever derived, shall be appbed solely towards the promotion of the 
objects of the Aseooiation as set forth in this Memorandum of 
Association, and no portion thereof shall bo paid or transferred, 
directly or indirectly, by way of dividend, bonus, or otherwise how- 
soever, by way of profit to the Members of the Association, provided 
that nothing herein shall prevent the payment, in good faith, of 
remuneration to any officers or servants of the Association, or to 
any Member of the Afsociation or other peraon, in return for any 
services actually rendered to the Aasociation. 

5. The fourth paragraph of this Memorandum is a conditioD 
on which a licence is granted by the Board of Trade to the- 
Association in piusuance of Section 23 of " The Companiea 
Act, 1867." 

6. If any Member of the Association pays or receives any 
di\-idend, bonus or other profit, in contravention of the terms of the 
fourth paragraph of tlus Memo^'ondum, his liability shall be 
unlimited. 

7. Every Member of the Association undertakes to con- 
tribute to the assets of the Association in the event of the 8am& 
being wound up during the time that be is a Member, or within 
one year afterwards, for payment of the debt^ and liabilities of the 
Association, contnw^ted before the time at which he ceases to be a 
Member, and of tho costs, charges, and expenses of winding up the 
same, and for the adjustment of the rights of the eontrn)utoriea 
amongst themselves, such amount as may be required not exceed- 
ing ten shillings, or in cose of bis liability becoming unlimitady 
such other amount as may be required in pursuance of the last 
preceding paragraph of this Memorandum. 

8. If, upon the winding up or dissolution of the AssociatioUr 
there remains, after the satisfaction of all its debts and liabilities, 
any property whatsoever, the same shall not he paid to, or dis- 
tributed among the Members of the Association, but shall be given 
or transierred to some other institution or institutions having^ 
objects similar to the objects of the Association, to be determined 
by the Members of the Association, at or before the time of 



'dissolution, or, in default thereof, by Buoh Judge of the High 
Court of Justice as may have or acquire juxisdictiou lo the 



9. True Accounts ehall be kept of the sums of monej received 
and expended by the Associatioa, and the matter in respect of 
■which such receipt and expenditure takes place, and of the pro- 
perty, credits uid liabilities of the AasociatioD, and, subject to any 
reasonable reotrictionB as to the time and manner of inspecting the 
same that may be imposed in accordance with the regulations of 
the Association for the time beioe, shall be open to the iospection 
of the Members. Once at least id every year the Accounts of the 
Association shall be examined and the correctness of the balance 
sheet ascertained by one or more properly qualified Auditor or 
Auditors. 

"We, the several persons whose names and addresses ore subscribed, 
are desirous of being formed into an Associatiun in pursu- 
ance of this Memorandum of Association. 

Names, Aduressbs, and Besckiptions of Suiisuribers. 



AsPLAK Beldam, Engineer, The Lodge, Acton. 

John Macfarlanb <?kay, Chief Examiner of Engineers, Board 
of Trade, 1, Claremont Bond, Forest Gate. 

Oeobge W. Mamel, Superintendent Engineer, Eildon, Catford, 
Kent. 

Henry M. Kait, Engineer, 1, Nester Terrace, N.W. 

William Jeffkrs Ckaig, M. Insts. N.A. & C.E., Earlham Grove, 
Forest Gate. 

John H, Thomson, Engineer, 26, Ethel Road, Victoria Docks. 

KoBBRT Leslie, Engineer, Mayfield, Sprowston Bead, Forest 
Gate. 

J, W. DoMoNEv, Merchant, Montrose, Balbam Park Eoad, S.W. 

J AS. A DAMSON, Engineer, St Qui vox, Stopford Ruad, Upton 
Manor. 

L. P. CoL'BBO, Engineer, 13, Park Villas, Charlton Road, Black- 
heath. 

Dated the 18th day of July, 1889. 

Witness to the above signatures, 

BICHd. BBOWSE, 

Clerk to Johs Neely, 

Solicitor, 

2-5, Old Jewry, London, E.C. 
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SkVtUl^ of ^Akoctotiott 

Institute of Maeine Engineers. 



CONSTEUOnON OP ARTICLES AND INrBBPRETA- 
TION OF TERMS. 

1. Theee ArtioIeB hIulU be oonfitrued with referenoe to the 
pTOTisionB of " The Companies Act, 1863," and " The CompanieB 
Act, 1867," and tenns used in theee Ajtiolea shall be taxen as 
having the same leapeotiTe meanings as they have when used in 
those Acts. 

OBJECTS OF INSTITUTE. 

2. The Institate of Marine En^eeis is established for the 
pniposee e^ireased in the Memorandum of Assooiation. It is here- 
inaner in these Artiolee referred to as " The Institute." 

CONSTITUTION. 

3. The Institute shall be composed of Members, Associate 
Members, Afisooiatea, Gtraduates, and Honorary Members. 

4. For the purpose of Registration, the number of Members, 
Associate Membera, Associates, Graduates, and Honorary Members 
of the Institute is limited to five hundred. 

MEMBERS. 

5. The subscribers of the Memorandum of Assooiation, and 
suoh other pearsons as shall be elected as Members, in aooordanoe 
with these Articles, and none others, shall be Members of the 
Institute, and be entered on the Register of the Institute as 
Members. 

6. Any person may become a Member of the Institute who 
shall be qnalined and elected as hereinafter mentioned, and shall 



agree to l^eoome euoli member, and shall pay the entrance feo and 
first subsdiption accordingly. 

7. The rights and privileges of every Member of the Insti- 
tute shall be persoofti to himseJi, and shall not be transferable or 
transmissible by his own Act or by operation of law, 

aUAMFICATIOX OF MEMBERS. 

8. The qualifiDation of Members shall be prescribed by the 
By-laws of the Institute from time to time in force, as provided 
for by these Articles. 

ELECTION OF MEMBERS. 

9. The election of Members shall be conducted as prescribed 
by the By-laws of the Institute from time to time in force, as- 
provided for by these Articles. 

ASSOCIATE MEMBERS, ASSOCIATES, GRADUATES, 
AND HONORARY MEMBERS. 

10. The Institute may admit such persons as may be here- 
after qualified and elected in that behalf as Associate Members, 
Associates, Graduates, and Honorary Members, respectively, of the 
Institute, and may confer upon them such privileges aa shall be 
prescribed by the By-laws of tlie Irstitute from time to time in 
force, as prorided for by these Articles, provided always that no 
Associate Member, Associate, Graduate, or Honorary Member shall 
havd any rights as a Member. 

NOTICE OF AND TOTING AT MEETINGS. 

11. All Members, Honorary Members, Associate Members, 
Associates, and Graduates, shall have notice of, and the privilege to- 
attend, all Meetings, but Members only shall be entitled to vote 
thereat. 

ENTRANCE FEES AND SUBSCRIPTIONS. 

12. An entrance fee of £1 and an annual subscription of 
£1 Is. shall be paid by each member. 

13 An entrance fee of £1 and an annual subscription of 15s. 
shall be paid by ea«h Associate Member. 

14. An entrance fee of 15s. and an annual subscription of 
lOs. shall be paid by each Associate. 

15. An entrance fee of 10s. and ao annual subscription of 
53. shall be paid by each Graduate. 
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16. All entrance fees shall be paid bj candidates before their 
applioatioD for Membership can be entertained, such entrance fees 
to be returned to such oaodidates in the event of their not being 
«leoted. In the event of tlie candidate being elected to a class of 
HeroboTsbip other than that for admission to which he Ime applied, 
the difference (if any) between tJie entrance fee paid by such 
■candidate and tiie entrasee fee payable for the class to which he is 
■eleoted, as provided by these By-laws, shall be re-paid to such 
candidate, or paid by such candidate, as the case may be. 'All 
subscriptions shall be payable in advance, and sliall become due on 
the first day of January in each year. The subscriptions of all 
Members, Associate Members, Assooiatee, and G-raduates, shall 
■oommenoe on the first day of January in the year in which he is 
elected, if suoh election shall take plaoe on or before the thirtieth 
day of September iu that year ; but if suoh election shall take place 
after the thirtieth day of September in such year, then the sub- 
«oription of such Member, Associate Member. Associate or Graduate, 
isnall commence from the first day of January next following such 
«leetion.* 

17. The annual subsoriptioa of Members may be compounded 
"for by the payment of ten pounds ten shillings, such payment to 
oonfer the privileges of Membership for life. 

18. If any Member, Associate Member, Associate, or Graduate, 
shall allow his subscription to fall six calendar months in orrear, 
the Treasurer shall write to infonn him of the some, and if he does 
not pay such subscription within the space of sis calendar months 
from die date of this communication, the Council shall have power 
to cancel his Membership as Member, Associate Member, Associate, 
■or Graduate, as the case may be. In no case shall any Member be 
allowed to vote at any Meeting unless he has paid in full all arrears 
■of subscriptions, and his subscription in full for the 3*ear in which 
fiuch Meeting is held. 

EXPULSION. 

19. If any Member, Associate Member, Associate, or 
Graduate shall leave hia subscriptions in arrear for two years, and 
^ball fail ti pay audi arrears witbiu four calendar months after a 
written application has been sent to him by the Secretary, his name 
may be struck off ihe list of Members, Associate Members, 
Associates, or Graduates, as the case may be, by the Council, at any 
time afterwards, and he shall thereupon cease to liave any rights 
as a Member, Associate Member, Associate, or Graduate, as the 

• Amended to : — " All Snbacriptiona are due on the AuniTenttty of Election." 

L.u.i..,...,GoogIc 



cose may he, but he shall neverthelesB oontmue liable to pay the- 
arreare of subeoriptiona due at Uie time of hie name being bo struok 
off, provided always that this regulation shall not be oonstmed to 
compel the Counoil to remove any name if they shall be satisfied 
the same ought to be retained. 

20. The Council may refuse to continue to receive the suh- 
soriptions of any person vho shall hare wilfully acted in contra- 
vention of the regulations of the Institute, or who shall, in the 
opinion of the Council have been guilty of such conduct as shall 
have rendered him unfit to continue to belong to the Institute, and 
may remove the name of any such person from the list of Members, 
Associate Members, Associates, Graduates, or Honorary Members 
(as the case may be), and such person shall cease to he a 
Member, Associate Member, Qraduate, or Honorary Member (as 
the cose may be) of the Institute, hut such person shall be at liberty 
to appeal to a Gteneral Meeting of the Association to rescind such 
removal, and sudi Meeting shall hare power to do so. 

GENERAL MEETINGS. 

21. * The first General Meeting shall be held at such time 
(cot being more than four months alter the registration of the 
Memorandum of Association of the Institnte), and at such place 
as the Council may direct. 

22. Subsequent General Meetings shall he held at such timo 
and place as may be prescribed by me Council, hut one General 
Meeting shall be hoM daring tho fint three months of every year,^ 
and ^all be called the ADinal General Meeting. 

23. Subject to the discretion given to the Council by Artides- 
21 and 22, four General Meetings shall be held in eve^ year, and 
subject as aforesaid, such meetings shall be held at the langthome 
Booms, Stratford Broadway, Stratford, in the County of Essex, the 
Institute premises, and shall be respectively held on tiie first Friday 
in March, the first Friday in Jane, the fint Friday in September, 
and the first Friday in December of every year. The Meeting 
held on the firat Friday in March, or other tiie first General Meet- 
ing, prescribed by the Council under Article 21, shall be called the 
Anniud General Meeting. All others of the above-mentioned 
General Meetings shall be called Ordinary Genend Meetings. 

24. All other Meetings of the Institute shall be called Extra- 
ordinary General Meetings. 



13 

35. An Extraordinary General Meeting may be convened at 
any time by the Coimoil, and Bball be oonvened by tbem whenever 
a requieitioD, fflgned by twenty Members of the iDBtitnte, Bpeoi^- 
ing the object of the meeting, is left with the Seoretary. If for 
fourteen days after the deliveir of snob roquisitioo a meeting be 
not oonvened in accordance therewith, the requisitionerB, or any 
twenty Members of the Institute, may convene an Extraordinary 
General Meeting in aocordanoe with the requisition. All General 
Meetings shall be held within a radius of ten miles from the General 
Post Cmoe, in the City of London. 

26. Ko notice of any General Meeting held at the place and 
time mentioned in Article 17 shall be given, but seven clear days' 
notice of every other General Meeting, specifying generally uie 
nature of aoy special business to be transacted at such meeting, 
shall be given to every Member of the Institute, and no other 
special busineBs shall be transacf«d at such meeting ; but the non- 
receipt of such notice by any Member or Members shall not invali- 
date the proceedings of such meeting. No notice of the business to 
be transacted (other tiian suob ballot lists as may be requisite 
in case of elections) shall be required in the absence of special 
business. . 

27. Special business shall include all business for transaotioa 
at an Extraordinary General Meeting, and all business for transao- 
tion at every other meeting, with the exception of the reading and 
confirmatiou of the Minutes of the previous meeting, and the 
reading and discussion of papers as provided by the By-laws or 
any regulatioDe of the Council made in accordance with the 
By-laws. 

PROCEEDINGS AT GENERAL MEETINGS. 
2H. Fifteen Members shall constitute a quorum for the pur- 
pose of a General Meeting other than an Ex&aordinary General 
Meeting. Twenty members shall constitute a quorum for the 
purposes of an Extraordinary General Meeting. 

29. If within twenty minutes after the time fixed for holding 
the meeting a quoi'um is not present, the meeting shall be dissolved, 
and all matters which might, if a quorum had been present, have 
been done at a meeting (other than an Extraordinary General 
Meeting) so dissolved may forthwith be done on behalf of the 
Meeting by the Council. 

30. The President shall be the Chairman at eveir meetiog, 
and in his absenoe one of the Vice-Presidents, and in the absence 
of all Yioe-Fieeident£, a Member of Council shall be elected by 
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the Members present to the Chair, and if no Uember of Oounml 
be present ami villing to take the Chair, the Members present at 
the meeting shall elect a Chairman from among themselTee. 

31. The decision of a General Meeting shdl be ascertained 
by show of hands, unless after the show of hands a poll is forth- 
irith demanded, and by a poll when a poll is thus demuided. The 
manner of taking a show of hands or a poll shall be in the discre- 
tion of the Chairman, and an entry in the Minutes, su^ed by the 
Chairman, shall be sufficient evidence of the decision of the General 
Meeting. Each Member shall have one vote, and no more. In 
case of equality of votes the Chairman shall have a second or 
casting vote. Provided that this Article shall not interfere with 
provisions of the By-laws as to election by Ballot. 

32. The acoeptance or rejection of votes by the Cludrman 
shall be oonclusire for the purpose of the decision of the matter in 
Inspect of which the votes are tendered. Provided that the 
Ohairman may review hie decision at the same meeting if any 
error be then pointed out to him. 

BY-LAWS. 

33. llie By-lavrs set forth in the Schedule to these Articles, 
and such altered and additioaal By-laws as shall be added or sub- 
stituted as hereinafter mentioned shall regulate all matters by the 
Articles left to be prescribed by the By-laws, and which may law- 
fully he eettied by By-laws, and all matters which, consiBtently 
with the Articles and Statutes, shall be made the subject of By- 
laws. Alterations in and additions to the By-laws may be made 
only by resolution of the Members at an Annual General Meeting. 

COtTNCIL. 

34. The Council of the Institute shall consist of one Presi- 
dent, not more than thirty Vice-Presidpnts, the Honorary 
Secretary and Honorary Treasurer (it any), and thirteen ordinary 
Memberp of Council. 

The first Council shall be as follows :— 

Presioent. 

Aspkn Beldam. 

Yice-Pbesidents. 

William Jeffers Craig. 

Thomas Wilson Fish. 

D.=.l,:sa:,G00gIC 



ViOB-PrEBI DENTS — OopUittiel. 
John Ma«3farlaDe Gray. 
G. "W. Manuel. 
Henry Prior. 

Alexander Winton Robertson. 
Henry Milnes Bait. 
John Henderson Thomson. 
Archibald Thomson. 
John Tait. 
James Weir. 
F. "W. Wymer. 

HoNORiRV Secretary. 

James Adamsoa. 
Honorary Treasurer. 
James William Domoney. 

Council. 
Lewis Potter Coubro. 
David Greer. 
Andrew Gibb. 
James George Hawthorn, 
Bobert Leslie. 
William Percy Laing. 
Daniel Macmillao. 
Arthur John Maginiiie. 
Matthew Prior, 
John Ruthven Ruthven. 
Frederick William Shorey. 
James Stewart. 
William M. Taylor. 

35. The Erst Council shall contiuue in office until the Annual 
General Meeting in 1890. The President, Vice-Presidents and 
eight Members of the Council shall retire at each succeeding 
AJanual General Meeting, but shall be eligible for re-election. The 
MembeiB of Council to retire each year shall be chosen from thoee 
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vho have 1)een loneeBt Id office, and in oases of equal Boaiority shall 
be determined b; me Connoil by llallot 

36. The election of a Fra8ident,yioe>Preeident8, and Members 
of tbe Grninoil, to supply tbe places of those retiriiig at the A"nnft1 
Gent-nl Ueeting, shul be conducted in ench manner as shall be 
pt«Bcribed by the By-lavs from time to time in force as provided 
for by these Articlee. 

37. The Council may supply any casual Tacanqy in the 
Council (including any casual vaoanoy in the office of President) 
which shall occur between one Annual Gtcneral Meeting and 
another, and the President or Members of the Council bo appointed 
shall retire at the succeeding Annual General Meeting. The 
Members of the Council so retiring shall be in addition to the 
Members retiring under Article 35. Vacancies not filled up at the 
Annual General Meeting shall be deemed to be casual vacancies 
within the meaning of this Article. 

OFFIOEBS. 

38. The Treasurer, Secretary, or Assistant Secretary or 
Secretaries, whether honorary or paid, and all the employ48 of die 
Institute shall be appointed and removed in the manner prescribed 
by the By-laws or regulations of the Institute from time to time 
in force. Subject to the express provisions of the By-laws, the 
officers and servants of the Institute shall be appointed and 
removed by the Council. 

39. The powers and duties of the offioers of the Institute 
shall (subject to any express provisions in the By-laws) be deter- 
mined by the Council. 

POWERS AND PROCEDURE OF COUNCIL. 

40. The Council may regulate their own procedure, and 
delegate any of their powers and discretions to any one or more of 
their body, and may determine their own quorum if no other 
number is prescribed. Three Members of the Council shall form 
a quorum. 

41. The Treasurer may, with the oonsent of the Council, 
invest in the name of the Institute, any moneys not immediately 
required for the purposes of the Institute in or upon any of tin 
following investments, that is to say :~ 

(a) The Public Funds or Government Stocks of the 
United Kingdom, or of any Foreign or Colonial Govern- 
ment, guaranteed by the Government of the TJoited 
Kingdom, 



(b) Real or leasehold seeuiitiea, or in the porohaae of 
real or leasehold properties in Great Britain. 

(c) The security of rates levied by any corporate body 
empowered to borrow money on the security of rat«fi, where 
such borrowiog has been duly authorised by Act of 
Parliament. 

42. The Council mtij, with the authority of a resolution of 
the Members iu General luting, borrow moneys for the purposes 
of the Institute, on the security of the property of the Institute. 

43. No act done by the Counml, whether ultra vires or not, 
which shall receive the express or impUed sanotion of the Members 
of the InstitDte in General Meeting, shall be afterwards impuaobed 
by any Member of tJie Institute on any ground whatsoever, but 
shall be deemed to be an act of the Institute. 

N0TIC3ES. 

44. A notice may be served by the Council of the Institute 
upon any Memlser, Associate Member, Asaodate, Graduate or 
Honorary Member, dtber personally or by sending it through the 

Sst in a prepaid letter, addressed to such Member, Honorary 
ember, Associate Member, Associate, or Graduate, at Ins registered 
place of abode. 

45. Any notice, if served by post, shall be deemed to have 
been served at the time when the letter oontoining the same would 
be delivered iu the ordiuaiy course of the post, and iu proving sudi 
service it shall be sufBoient to prove that the letter containing the 
Notice was properly addressed and put into the Post Office. 

40. No Member, Honorary Member, Associate Member, 
Associate, or Graduate, not having a registered address within the 
TJaited Kingdom, shall be entitled to any notioe, and all prooeed- 
iogs may be had and taken without notioe of such Member, 
Honorary Member, Associate Member, Associate, or Graduate 
(as the case may be) in the some manner as if he hod had 
due notioe. 

FBEMISES OP THE INSTITUTE. 

47. The rights and restrietiona of Members, Honorary 
Members, Associate Members, Assooiatee, and Graduates, in the 
usage of the premises of the Institute, shall, so far as lawful, be 
prescribed by the By-laws or by the regulations of the Institute 
from time to time in force, as provided for by Iheee Artudee. 



PROPERTT OP THE INSTITUTE. 

48. The rights and Tuetriotioua of Members, Honorary 
Members, Aesooi&ta Members, AjSHodatea and Cbaduateu in the 
nsafre of the property of the Institute, shall, so far as lawful, be 
fffSBoribed by the By-lavs or by the r^olatione from time in foroe, 
as provided for by these Artiiues. 



Nahbs, Addresses and DESciipnoNs of Subscribers. 



Abplah Beldam, Eng^eer, The Lodge, Aoton. 

John Macfarlane Q-rat, Chief Ezamiaer of Engineers, Board of 
Trade, 1, Claremont Boad, Forest Qate. 

C^ROB W. Manuel, Superintendent Engineer, Eilden, Catford, 
Kent. 

H. M. Bait, Engineer, 1, Neater Terrace, N.W. 

WiLLiAU Jeffers Craio, M. Inste. N.A. & C.E., EarUiam Grove, 
Forest Gate. 

John H. Thomson, Engineer, 26, Ethel Boad, Yiotoria Dooks. 

Robert Leslie, Engineer, Mayfleld, Sproweton Boad, Forest 
Gate. 

J. W. DoMONBT, Merohant, Montrose, Balham Park Boad, S.W. 

Jas. Adambon, Engineer, St Quivox, Stopford Boad, Upton 
Manor. 

L. P. CoTJBRo, Engineer, 13, Park Villas, Charlton Boad, Black- 
heath. 

Dated this 18th day at July, 1889. 

Witness to the above agnatnres, 

BICHD- BBOWSE, 

Clerk to John Nbslt, 
SoliGitor, 
35, Old Jewiy, London, E.O. 



BY-LA^WS. 
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Institute of Maeine Engineers. 



MEMBEEfiHTP. 



1. Gaiididat«e for admisaioii as members must be lEogineers 
posBeesing First-clBss Board of Trade Certificates, and wbo have, 
in addition, oooupied the positioii of Chief or Second Ennneer 
during a period of not lees than twelve calendar months pnor to 
the date of their applioation for Membership, or in the alternative 
they must be Engineers in virtue of their eduoation and experienoe, 
who oooupj, or have ocoupied, responBible positions on shore in the 
designing or oonstmction of machine in connection with Marine 
Engineerisg, or in the directing or carrying on of work connected 
wit£ Marine Engineering. 

3. Candidates for admission as Associate Members must be 
Engineers possessing Seoond-olase Board of Trade Cortifioat«6, and 
who have, in addition, had charge of a wstoh at sea during a 
period of not less than eighteen o^endar months prior to the date 
d their application for Membership, or in the alternative they must 
be Engineers in virtue of their eduoation and experience, who 
occupy, or have occupied, Bome semi-reE^nsible position on shore, 
in the designing or oonetruction of maoQioery in connection with 
Marine Engineering, or in the directing or carrying on of work 
comieoted with Marine Engineering. 

3. Candidates for admission as Associates must be gentlemen 
not under the age of twenty-one years, who, by virtue of their 
edooation and experience are Engineer8,and who follow, or propose 
to follow, the oooupation of Marine Engineers, or an occupation 
Donneoted with Marine Engineering. 



4. GsndidateB for admissioQ as Graduates must be Apprentices 
to the Bcienoe, profession, trade, or bufiness of Bngineeriiig, who 
have served as sooh Appientioea duiing a period of not less than 
throe years prior to their application for memberBhip, and who [oo- 
poeeto foUovthe oooapataouof Marine Engineen,aranoooapTOon 
oonneoted with Marine Engineering work. 

6. Any Glraduate may be afterwards admitted as an Assooiate, 
AsBociate Member or Member (as the case may be), any Assooiate 
as an Associate Member or Member (as the oase may be), and any 
Associate Member as a Member, at the discretion of the Council, 
on his becoming poBsessed of the necessary qualifications. 

6. The Council shall have power to eleot as Honorary Mem- 
bers, Peers, Members of Parliament, persons holding high civic or 
other distinguished positions, or influential persona oonneoted with 
01 interests in Engineering, subject to such regalations as tiie 
Countdl shfdl, from tune to time, deoide. Such Outdidates shall be 
entitled to be ballotted for immediately. 

ELECTION OP MEMBBK8, HONORAET MEMBEBS, 

ASSOCIATE MEMBEBS, ASSOCIATES, AND 

OBADTJATES. 

7. Every Candidate for admission as Member most, unless 
and until the Council shall prescribe some other form of applica- 
tion for membership, sign the following fonn of application for 
membership : — 

'* I, the undersigned, desire to become a member of the 
" Institute of Marine Engineers, and I do hereby promise 
"and agree that in the event of my election, I will he 
" governed by the Memorandum and Artiolee of Association 
" of the Institute, and that I will abide by and conform to 
" the By-lawB and Begulations of the said lostitute as such 
" Artiolee, By-laws, and Begulations are now formed, or as 
" they may hereafter be alt^ed, amended, or enlarged, and 
*' I promise to promote the objects of the said Institute as 
" far as shall be in my power, and to attend the meetings 
"thereof as often as I oonvenieiitly can, provided that 
" whenever I shall signify in writing to the Seoretaty that 
"I am desirous of withdrawing my name thero&om, I 
" shall (after payment of any arrears which may be due 
" from me at that period) be free from this obligation. 

" I also jtromise and agree to present to the Institute 
*' an original pqier, drawing, plan-or model of interest to 



" Marine Engineers, or some eoientific work for the library, 
" within the space of twelve calendar monthB from the date 
"of my election. My qualifloation for admisBion as 
" Member of the loBtitute is [Here state the qualification.] 



8ig;natare of Applicant 

Address 

Present Ooonpation 

Age (if Applicant for admission as A^sodate) 

Apprenticeship served with 

No. and Gh»de of Board of Trade Oertifioate 

Date of Application 

Prop(»ed by 

Signature of Froposra 

Address of Proposer 

Seconded by 

Signature of Seconder 

Address of Seconder 

8. Eveiy Candidate for admission as an Associate Member, 
Associate or Graduate most, unless or until the Council shall pre- 
scribe some other form of application for admission, sign the 
following form of application for admission : — 

" I, the undersigned, desire to become a 
" of the Institute of Marine Engineers, and I do hweby 
" promise and agree that 1 will be governed by the Memor- 
" andum and Articles of Assooiatioo of the lostitute, and 
"that I will abide by and conform to the By-laws and 
" BMpilations of the said Institute as such Articles, By-laws 
" uid Begulations are now formed, or as they may hereafter 
" be altered, amended or enlarged ; and I premise to pro- 
"mote the objects of the said Institute as far as shall be in 
" my power, and to attend the meetings thereof as often as 
" I conveniently can. Provided that, when ever I shall 
" signify in writing to the Secretary that I am decorous of 
" withdrawing my name therefrom, I shall (after payment 
" of any arrears which may be due from me at that period) 



" be free from this obligatioD. My qualificatioQ for aS- 
"mbsioa as of the loBtitote of Marine 

" Engineers ie [Ha% state the qualification] " 

Signature of Applicant 

AddreBB 

Present Oocupataon 

Apprentioeehip aerved with 

No. and Ghade of Board of Trade Certificate 

Date of Application 

Proposed by 

Signature of Propose 

Address of Proposer 

Seconded by 

Signature of Seconder 

Address of Seconder 

9. Every Candidate must be proposed by one Member, and 
seconded by at least one other Member, to one of whom he must 
be personally known. The Candidate's name, residence, plaoe of 
business (if any), the name of the £rm to which he belongs (if 
any), the class under which he desires to join, his qualification to 
Join such class, and his age if ho be a Candidate for admission as 
Associate, shall be inserted in the application form in the place 
provided for such purpose. The application form shall be signed 
by the proposer and seconder. If, by reason of the absence, illness 
or otherwise of the proposer or seconder, it shall be necessary, the 
Secretary may, on the written request of such proposer or seconder, 
sign the application form on behalf of such proposer or seconder. 
Ail application forms shall be sent or handed to the Secretary, and 
all Candidates shall be nominated at the next Council ]\ifeeting 
following the receipt of the application form by the Secretary, and 

gut up tor election at the next Council Meeting following the 
ouncil Meeting at which they are nominated, provided the seren 
days mentioned in clause 20 has elapsed, and if such seven days 
have not elapsed, at the next Council Meeting after the expiration 
of such seven days. 

10. The election of all Candidates shall be by ballot, and no 
Candidate shall be elected unless he shall obtain more than four 
atHrmative votes to one negative vote. 

11. The election of Cflndidat«8 shall be vested solely in the 



Ooimcil, six of whom shall form a quoruia at suoh eleotion. 

12. A list of Candidates, with the names of their proposers 
And secooders, dated and signed by the Secretary or some other 
perfion appointed by the Council, ^lall be put up in the entrance 
hall or one of the rooms of the Institute, to be selected and 
flppoiuted by the Council at least seven days before the election. 

13. In case of non-eleotion no mention thereof shall be made 
in the minutes, nor shall any notice be givea to the unsuccessful 
Candidate except that any entrance fee be has paid shall he re- 
turned. 

14. Any person duly elected a Member, Associate Member, 
Associate, or Oniduate, shall be informed thereof -without delay by 
a letter from the Seoretary, and he must thereupon pay his annual 
subsoriptioD for the current or succeeding year, aa the case may be, 
in acoordanoe with these By-laws, within four calendar mouths 
from his election, which election shall otherwise become void. 
The Ci>uncU, may, however, in their discretion extend the time if 
they think fit so to do. 

15. Every Member, Associate Member, A8sooiate,or Graduate, 
elected, having signed the register of the Institute, and having 
made all the proper payments, shall be entitled to a oortificate oi 
bis election, which certificate shall specify the class to which he 
belongs. 

16. Every Member shall, within twelve calendar months 
from the date of his election, present to the lostitate an original 
paper, dr^iwing, plan, or model of interest to Marine Engineers, or 
some scientific work for the library of the Institute. The Council 
shall, however, have power to extend the above-mentioned time of 
twelve calendar months, if they in their disoretioQ shall think fit so 
to do. 

TRANSFER OF ASSOCIATE MEMBEB8, ASSOCIATES. 

AND GRADUATES. 

17. If any Graduate shall possess the necessary qualifications 
for admission ai Associate, Associate Member, or Member, or if any 
Associate shall possess the necessary qualifications for admission ae 
Associate Member, it shall be competent for suoli Graduate, 
Associate, or Associate Member (as the case may be) to apply to the 
Council for a transfer to the class of Associates, Associate Members, 
or Members (aa the case may be). 



18. Such application sliall be made in the following form : — 

" I, the undersigned, desire to be transformed from 
" the class of to the class 

"of 

" My quahfications for admission to the class of 
" are [Here 

" state the qualifications] 

19. If the request for transfer is to the class of Members, 
the Candidate aball, in addition to the above form of request, add 
the following : — 

" In the event of my being transferred to tne class 
" of Members, I undertake, withiu the spaoe of twelve 
" calendar months next after such transfer, to present to 
" the Institute an original paper, drawing, plan, or 
" model of interest to Marine Engineers, or some 
" scientific work for the Library. 

20. The request for transfer shall be signed by two Mem- 
bers, who shall certify to the Council that to the best of their 
knowledge, information, and belief, the Candidate for transfer ia a 
tit and proper person for admission tn the cla'is to which he desires 
to be transferred, and that his quahfications for such admission are, 
to ttie best of their knowledge, information, and belief, truly 
stated by the Candidate in the request for transfer. 

21. Any Candidate for transfer who shall be duly tran*feiTod 
by the Council from any one class to any other class, shall be informed 
of eueh transfer without delay by the Secretary, aud sucli 
transferred Candidate must pay the increase in entrance fee (if 
any) and annual subscription between the class from which lie is 
transferred and the class to which he is transferred, within the 
space of four calendar months from his transfer, which otherwise 
shall become void, but the Council may extend the time for such 
payment if they, in their discretion, sliall think fit so to do, 

22. Every Graduate, Associate, or Associate Member trans- 
ferred to the class of Members, shall, within twelve calendar moutbs 
from the date of his transfer, present to the Institute an original 
paper, drawing, plan, or model of interest to Marine Engineers, or 
some scientific w irk for the Library of the Institute. The Council 
may, however, extend the above-mentioned time of twelve calendar 
months if they, in their discretion, shall think fit so to do. 

23. Every person transferred from one class to another hav- 
ing paid the additional entrance fee and subscription in accordance 
with theso By-laws, and having signed the register of the class to 
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which he has been transferred, shall be entitled to a certificate 
showing the olaes to which he belongs. 

34. At the first Ordinair Meeting at which any transterred 
Member is present, he having fulfilled the foregoing requiremente, 
and having requested the President or Churman of the meeting so 
to do, the President or Chairman of the meeting shall, addressing 
him by name, introduce hipi to the meeting, naming his new 
classificatioD. 

ELECTION OF PRESIDENT, VICE-PRESIDENTS, 
AND MEMBERS OF COUNCIL. 

25. A ballot paper for the succeedingyear of ofBce, contain- 
ing the names of a proposed President, Honorary Secretary and 
Honorary Treasurer, and a number of ordinaiy Members of Council 
equal to the number of ordinary Members of Council who are the 
retiring Members, in accordance with the Articles of Association, 
shall be issued to every Member who has a registered address 
within the United Kingdom, and who is entitled to vote three 
calendar mouths at least before the Annual General Meeting. 
Any Member who is entitled to vote may substitute the name of 
any other Member or Honorary Member for the name of the 
Member or Honorary Member nominated in the ballot paper (as 
such ballot paper is received by the Member) as President, the 
name of any U ember for the name of tlie Mr^mber nomiuated aa 
Honorary Secretary (if any), the name of aiiy Member for the 
name of the Member nominated as Honorary Treasurer (if any), 
and the name or uames of any one or more Members for one or 
more of those nominated as Ordinary Members of Council, provided 
that the total number of names oi> the ballot list as received by the 
Member must not be increased or added to. 

26. The Members present at the Annual General Meeting 
shall elect by show of hands two scrutineers, aad the decision of 
such scrutineers as to the reception or otherwise of any ballot paper 
is to be final. 

27. Any ballot paper which contains more than one Presi- 
dent, one Honorary Secretary (if any), one Honorary Treasurer (if 
any), and a number of Ordinary Members of Council, equal to the 
number on the ballot paper as issued to the Members, sliall be void. 
Every Member wishing to vote shall personally hand his ballot 
paper to the Secretary, or shall leave such ballot paper at the pre- 
mises of the Institute, addressed to the Secretary, or shall send such 
ballot paper by prepaid letter, addressed to the Secretary, four 
cle^ days at least before the date of the Annual General Meeting. 



Provided always that no election shall be invalidated or otherwise 
afieoted bj any ballot paper so sent or left not reaohing tlie hands 
ot the Secretary, or by any baUot paper not having been sent to or 
received by any Member. 

28. The election of the Vioe-Preeidents diall be invested solely 
in the President, Honorary Secretary, and Honorary Treasnrer (if 
any), and Ordinary Members of the Council, who, after their own 
election, shall elect the Yice-Preaidenta for their own year of office. 

OFFICEaS OF THE INSTITUTE. 

29. The Members may at the Annual General Meeting elect 
an Honorary Secretary and an Honorary Treasurer for the suo- 
oeeding year. The Council may appoint and pay an Assistant 
Secretary and define bis duties, and, at their discretion, may dismiss 
such Assistant Secretary. 

30. All other Officers and Servants of the Institute shall be 
appointed by the Council, who will define their duties and may 
J — :^ them. 



3 1 . Any act which by these By-laws is directed to bo done 
by the Secretary, or any other named Officer of the Institute, may 
be done by any person duly authorised in such behalf by a resolu- 
tioD of the Council. 

32. If a vacancy in the poet of Honmaiy Secretary or 
Honcsaiy Treasurer shall occur between any two Annual General 
Meetings, the Council may fill np such vacancy. 

BOARD OF ADVISERS. 

33. There shall be a Board of Advisers, numbering twelve, 
elected annually by the Council at the first Council Meeting after 
the Annual Genend Meeting. 

■ii. The Board of Advisers shall be elected from the Council 
and the Honorary Members of the Institute. 

35. The Board of Advisers shall elect their own Secretary, 
and their dutiea will be to consider and give recommendation 
to the Council on such matters as may be remitted to them by the 
Council. 

ACCOUNTS. 

36. An Auditor or Auditors shall be appointed by the 
Members at the Annual General Meeting to examine and audit the 
accounts of the current year, and report thereon at tlie next 
Annual Meeting. 
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37. The Council shall fill up any vacancy tliat shall occur im 
the post of Auditor through reeignatiou or otherwise. 

33. An ahstract of the accounts shall he made for the use of 
M^nb^B, and any Member may obtain a copy by applying to the 
Searetary for such copy within fourteen days immediately peoed- 
ing the date of the Annual (General Meeting. 

FINANCE. 

39. The financial affairs of the Institute shall be managed by 
the CouDoil, who shall, if they think fit, elect from among them- 
selves a Finance Committee of four in addition to the Treasurer,, 
who shall be ex-offkto a Member of the Finance Committee. 

40. The Current Aooonnt of the Institute shall consist of 
two-thirds of all moneys received as entrance fees and subscriptions 
from Members, Associate Members, Associates and Qraduates. 
The Capital Account shall consist of the remaining one-third of all 
mitrance fees and subscriptions reoeived from Members, Associate 
Members, Assooiates and Graduates, and of all subscriptioos and 
donations received from Honorary Members. 

41. The funds of the Institute shdl be so managed that at 
no time shall the liabilit«B of the Institute exceed the balance of 
the Current Account of the Institute, exoept by special authorisation 
of the Council at a meeting espeoially caJIed for that purpose. 

42. No liability shall be inoorred for «aj greater sum than 
£5, uid no moneys belonging to the Institute expended exoeeding 
in amount the sum of £5, wimout the authorisation of the Council. 

VISITOES. 

43. Any Member, Honorary Member, Associate Member, 
Associate, or Qradaate, shall be at liberty to introduce visitors to 
the Institute, subject to such regulations as the Council may from 
time to time deem necessary. This shall include the right to 
introduce one friend as a visitor to any of the meetiags of the 
Institute ; but such visitors shall withdraw during the transaction 
of any business in connection with the management, if any Member 
desire that they shall so withdraw. The ohaiges inourred by 
vintors shall in every case be defrayed by the Member, Honorary 
Member, Assooiate Member, Associate, or Graduate (as the case 
may be) introducing them. The names of all such visitors shall 
be fflitend in a book to be kept for that purpose. 

44. It shall be in the discretion of the Council to admit any 
Candidate for admission as Member, Associate Member, Associate' 
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-or Graduate, pending hie election, to all the privilegee of Member- 
Abip, except voting. 

PAPERS. 

45. All papers pruposed to be read shall be first Biibmitted 
to the Coaocil for their approval. 

BOOKS, DRAWINGS, &c. 

46. NoDe of the property of the Institute, such as books, 
drawings, &c., bIibII be taken out of the premises without the con- 
sent of the Council. 

DONATIONS TO THE INSTITUTE. 

47. All donations to the Institute shall be enumerated in the 
Annual Report of the Counoil reported to the Annual General 
Meeting. 

MEETINGS OF COUNCIL. 

48. No business involving the expenditure of the funds of 
the Institute (except hj way of payment of cturent salaries and 
accounts) shall be transacted at any Counoil Meeting, unless 
specified in the notice convening the meeting. 

49. A prepaid letter giving notice of every Council Meeting 
gliall be sent to each Member of the Council, by posting the same 
seven clear days at least prior to such Council Meeting, addressed 
to the registered address of such Member, provided that nothing 
done at any Counoil Meeting shall be nullified or affected by 
reison of notice not having oeen sent to or received by any 
Member. 

SERVANTS OF THE INSTITUTE. 

50. No Member, Honorary Member, Associate Member, 
Associate, or Graduate shall give any money or gratuity to any 
servants of the Institute upon any pretence whatever. 

ol. All complants respecting the servants, the charges or 
domestic arracgements of the Institute shall be addressed in writ> 
ing to the Secretary. 

MISCELLANEOUS. 

52. No provisions cooked in the Institute, or wines or other 
liquors, are to be sent out from the Institute premises on any pre- 
ten'^e whatever. 



53. No game of hazard sliall be played, nor shall dice be- 
need on the Institute premises escept for backgammon. 

54. The premises of the Institute shall open and close at 
such hours as the Council shall from time to time appoint. 



55. All Members, Honorary Members, Associate Members, 
Afisociatea, and Graduates, are to pay for every expense incurred 
on the premises of the Institute berore they leave. 



56. No dogs are to be brought on the premises of the 
Institute. 

57. No smoking shall be allowed on the premiBes of the 
Institute, except in those rooms set apart by the Council for that, 
purpose. 
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LIST OF i^m:E}'m^oB. 

FSOM JAlfUARY, 1889, TO JAJHTART, IBM. 



February 121A Prelimiiiary Meeting. 

^prilbtk Paper by Mr. A. J. Maoinnis. 

May Uth Paper by Mr. J. Mc F. Gray. 

(Not Publiahed.) 

Majf 27th Paper by Mk. G. W. Mamubl. 

June 6M XHsousaioD oontmued. 

September 2nd Paper by Mr. W. J. Oraig. 

September 24th Paper by Mr. B. Bruce. 

Sfplfmber 27th Disoussioii continaed. 

October nth Paper by Mb. F. W. Wymbb. 

October 19th Paper by Mr. Jos. Williams. 

Jlocember \»t Gteneral BusinesB Meeting. 

November Isi Paper by Mr. A. Beij>au. 

November I6th Paper by Mr. J. D. Churchill. 

December Gth Conversazione. 



January I3tk 
.January Qlat 



Paper by Mr. J. Q-. Hawthoen. 
Paper by Mr. A. Somurbtillb. 
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Thb Langthobne Rooms, 

17, Broadway, 

Stbatfobd, 

5th April, 1889. 

A meeting of the Institute of Marine Engineers was held here 
this evening, at 8 o'olook,' Mr. J. H. Thomson, one of the vice* 
presidents, in the chair. About 60 members and visitors were pre- 
sent. Letters were received from Messrs. A. Beldam (president), 
J. Mo F. Gray (vioe-president), H. M. Bait (vice-presideDt) , A. 
Daniels (member), and a telegram from i/Lc. A. J. Magiimis 
(author oi the paper), expressing regret ^t previous engagements 
or detentions elsewhere prevented them being present to take 

£rt in the proceedings, especially at the inaugural meeting. Mr. 
aginnis himself was detamed bj a Trial Trip at Newcastle. 

In the absence of Mr. Maginnis, Mr. J. R. Buthven read the 
paper on the MftginniH' Patent Steering Apparatus, whioh was illus- 
tTat«d by diagrams and drawings. 

A discussion ensued, and a series of questions were proposed 
and replied to by Mr- A. Oibb, representing Mr. Maginnis. 

The following members took part in the discussion, i.e. : — 
Messrs. A. W. Robertson, W. J. Craig, J. Hawthorn, H. 
Boninger, J. Dimmock, A. Gibb and others. 

A minute of Uie proceedings is giv^ in detail in the following 
pages. 

Mr. Maginnis being detained at a distance, and the paper he 
had specially prepared not being at hand, an older paper, rmd at the 
Institution of Naval Architects in 1886, was read. The Arrange- 
ment of gear has bedn somewhat modi£ed since then, a lithograph 
showing the present arrangement is shown as an addendom, from 
which it will De seen that much of our discussion was anticipated. 

JAS. ADAMSON, 

JTiw. Secretary. 
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IMPROVED SYSTEM OF STEERING GEAR 



Since the introduction of Mr. MaoFarlane Cbaj'e useful inven- 
tioQ of the steam steering gear, numerous types have been iDtraduced 
differing in application and valve arrangement, but all more or 
less depending upon his prinmple of ooutrolling gear, vhiob must be 
oonsidered the eisential point of the application of steam power to 
steering. 

With bnt few exoeptions, tlie method was adopted by all, of 
applying the gear to the rudder quadrant by means of whed- 
cnains (owing, no doubt, to Mr. Gray's sucoess), and is still 
generally adhered to, notwitiutanding me serious drawbacks of 
holding the rudder al»olutely rigid, excsessive noise, and heavy 
oost for maintenanoe both of ohsiins and machinery. During 
prosperous times, when shipping investments proved remunerative, 
and expenditure was not severely ariticised, these points did not 
receive the sflrions couEidwation now given them, and it wa£ with 
a view of remedying these defects that the system of steering gear 
now brought forwud was designed, and also to still further pro- 
vide against the loss or diaaluement of rudders, a too frequ^t 
ooonirenoe. 

D.s.i,:sao, Google 



Aa maj be seen on referenoe to the drawings, Qiia syatem 
(wliioh has been thoroughly tested in the North Atlantic trade) 
oonsieta in placing an ordinary steering engine with the sinipleet 
poBsible oontrolling gear, on one side of the fore and aft oentra 
line of the ship, am applying the power to the rodder, by inserting 
the shaft into a worm geared in the quadrant ; two feathers then 
serre to turn the worm which is free to travel endways on the 
shaft to either side, so that the thrust may not be taken in any 
way by it, but upon a piston oonneoted to the worm on the ^opposite 
Edde, which is plaoed midway in a cr^linder full of liquid, so as to 
transfer the thrust to the Tartioal volute springe shown on top of 
the honzontal or oushion oylinder. 

To prevent the worm being forced back out of gear, and to 
guide it in a tme central position when sliding from one side to 
me other, a roller bearing is placed just behind it, which is fitted 
with two long guide rollers plaoed one on the top centre and one 
on the back centre, outside of the oircumferenoe of the worm thread, 
the lower portion being formed to hold the lubricant ; this, it will 
be observed, keeps the worm at all times true to position when it is 
working as a rack, at the time of yielding. 

The essential feature, however, of the whole system, consists in 
what is termed the eushioning gear, which provides a movable thrust 
of the worm, and by so oonvertmg it into a rack enBures the flexi- 
bility so necessary for all rudders exposed to heavy weather. This 
movable thrust is obt^ed by pla^g the worm piston in the 
oushion cylinder, which is filled with liquid up to the hydraulic 
pistons in the vertical or regulating cylinders, and kept so by the 
pipe connected to the small reserve tank ; then, when the worm is 
m exact mid-gear, the piston closes this pipe, and on the strain of 
moving the helm coming upon it, the liquid will be shut up by the 
worm piston, and the thrust be transferred to whichever of the 
spring-loaded pistons it is moving towards. Should the worm 
piston move ixom its position (which it will do owing to the spring 
yielding) , the charging pipe will be opened behind it and hquid 
drawn m from the tank, to be again forced back on the return of 
the piston, thus ensuring the cushion cylinder being always kept 
full, and the certainty of the gear and rudder retuniing to their 
original position after the effects of the blow have been spent. 

The strain from the volute springs is then token upon the 
main orossheads, which are attached to the standards screwed into 
the regulating cylinders, and so arranged as to be adjustable to 
suit the height required by the volute springs. These latter are 



placed between the hjdraulio piatoiiB and tension crossheadB, and 
can be Borewed down by the tenBion rods and nutB, so aa not to 
compress or yield until the load required to hold the helm hard 
OTffl at full speed has been exceeded ; to prevent too muoh com- 
pression or yield of the volutes (which might allow of the worm 
being forced so far over as to get out of gear) check nuts are placed 
upon the tension rods, which only allow the springs to yield untQ 
they come up against the croBshead. 

To ensure elasticity at all times, a light spring is placed 
between the main and tension orossheada, which compresses or 
expands on the least change from port to starboard. As regards 
the design of the pistons, those fitted in the regulating cylinders 
are formed with the usual hydraulic cup leathers, whilst the worm 
piston, owing to its revolving and taking pressure on either side, 
18 fitted witb two oup leathers, one for each side, and so arranged 
that they do not revolve with the piston. 

It will be noticed that by taking the thrust on the piston, 
one of the great power-absorbing qualities of a worm, namely, 
thrust friction, is to a lai^e extent emninated by the fact of the 
piston revolving on liquid! 

As it is necessary that the steam gear should at all times be 
readily disconnected, a pipe is fitted communicating with both 
ends of the cushion cylinder, which only requires the stop-cook to 
be opened, and thus allow the fluid to pass from one side of the 
piston to the other, when the worm will mstantly run out of gear. 



Owing to all the strains and jerks of the rudder coming upon 
the fluid, it is evident that their force can be easily ascertoined : 
first by placing on ordinary pressure gauge on each regulating 
cylinder, and secondly by att^hing a Biohards' indicator to the 
communication pipe, and working the barrel from the rudder 
head. As a jesnlt of this, the writer has now the pleasure of 
bringing forward what he believes to be the first actu£u indicator 
diagram obtained of the strain on the rudder. 



This was taken about September last (16$5) in smooth water 
on the mn down to Queenstown, from the gear fitted on the s.s. 
British Prince, a Liverpool steams of 4,000 tons, trading to 
Philadelphia. 



In the December following a seuond Bet of diagrams were 
taken, a short notice of which, as well as of the first one, will ' 
prove interesting- S7 the first card it will be seen that the power 
required to hold the helm hard over was 3-5 tons for a speed of 12^ 
knots and an immersed rudder area of 101 square feet; whereas on 
the November voyage, for the same speed, bat immersed area of 
] 04 square feet, the load as shown bv the gauge (no digrams 
being taken) was about 4*5 tons. "Wiui the same immersed area, 
but increased speed of ship to 13 knots, this load was raised to a'6 
tons, as measured on the December diagrams. A close examiiia- 
tion of &G starboard figure shows that on reaching the angle of 24 
degrees, something interfered with the working of &e indicator, 
as it failed to record the correct pressure, but fortunately an 
effectual check of the load remained in the pressure gauge, which, 



by recording 290 lbs per square inch, proved the load for the 
starboard beuu to be exactly the same as the port, namely, 5*6 
tons. 

The difierenoes in the indicated pressure between the port 
and starboard figures at the angles up to 4 degrees, distinctly 
show the effect of the right-handed propeller, as do also the pres- 
sure gauges, the one for starboard thrust always showing pressure 
when the helm is amidships. 

A further development of the means taken to ascertain at all 
times the strains or jerks to which rudders are liable, is now being 
made, with an arrangement of two indicators (one for port and one 
for starboard) continuously recording on paper, whion is wound 
from one drum to another by means of strings to the rudder head 
and a simple ratchet attachment, so that it is hoped the rudder 
• will to a certain extent become its own autobiograptier. 

By watching the pressure gauges in heavy weather, some 
idea of the varying nature of the strain can be formed, although 
with the gear no noise or sound is heard to draw attention to it ; 
but amoi^st several cases may be mentioned one, noticed by the 
writfiT in a heavy sea near Holyhead. The helm was over to 
starboard, and the guage registering 160 lbs., equal to a 3-ton 
load, when suddenly the ship was felt to be lifted by a heavy 
following sea ; at the same moment the pressure on &b gauge fell 
and almost instantly rose on the pent thmst gauge to about 
300 lbs., which meant a load of about 14i tons put upon the 
rudder and gear in a reverse direction to the legitimate strain. 
This change of strain was again noticed during a hurrioane in 
mid-Atlantio when a terrific following aea was mnning, the 
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pressure suddenly falling upon one gauge from 173 lbs. and 
" rising on the other to considerably over 300 lbs., or say a load of 
about 24} tons. So far as has been yet notioed, this appears to be 
the greateet strain yet upon the rudder and gear, but no doubt 
much heavier loads will be experienced, and wiU in future always 
be recorded by the arrangement already described, which it is 
proposed to bnefly term the " Buddergrapb." 

Prom the description of tbis system it may be seen that 
although the first object aimed at, was the reduction of heavy cost for 
maintenance, other essential features were not lost eight of, but on 
the contrary proved valuable aids in developing the cushioning 
arrangement, and so providing an elastic rudder holder, seldom 
under pressure, and capable of being adjusted to a mft^i'mnnn im- 
pact load, by a Supemeing Board. 

In conclusion the "Writer would like publicly to express his 
indebtedness to the Owners, and also his beet thanks to the Com- 
mander and Engineers for the willing asaistanoe at all times given 
hi m , which has enabled him to bring forward information tending 
to advance the still faint knowledge of " Rudders, and their strain, 
steering gears and their requirements," minor but all-important 
factors of the modern war-ship, " Greyhound," or pleasure vaoht. 



MR. A. W. ROBERTSON'S REMARKS:- 

I am not by any means clear on the working details of the 
gear brought before us to-night, uid I would like to have a few 
explanations from Uie Auth(Hr's representative on one or two 
points. 

1. Ib the Bleove ahown in coimection with the cianh-Bhaft oud piston rod 
of cuBhioning cylinder a, fixture on crank-ahaft or piiton rod, und hour 
ii the attachment arranged F 



piing boxes ao much acaicr tiie one 

When the thrtut upon the Rodder is very nvere, will the irorm not be 
put out ol its nomial poatioii, increamng the leverage of the teeth 
and making the worm at the extreme travel weaker and more liable 
to break than if you could at all timea maintain the working at the 
Ktch Line* 



MR. WIJ_UAM J. CRAIG'S REMARKS !- 
Steering Gear, as ve all know, is a very important detail of 
Marine Engineering, and this special gear, I nnderstand, is well 
worthy of the plaoe it takes in initiating the comae of papers in 
our new Institute, and personally, being much interested in the 
subject, and knowing little about the gear to be laid before us 
to-night, with the view of so far qualifying myself to intelligently 
follow the Paper, I took advantage of an opportunity of making 
myself slightly acquainted with its general features by inspecting 
one Etted on a Steamer now in Fort. At the time of my ^isit the 
gear was all cloaed up and connected for work, and little oould be 
seen except the general arrangement, which I consider to be well 
adapted and ingeniously applied. 

Begarding the " Cushioning Apparatus," I am not sure that 
I understand it yet, though I hope to be better informed presently,- 
and before committing myself I woidd here like to observe that 
in disoussing the matter of a recently patented speciality, such as 
the one before us. the result evidently of long and careful working 
out, one requires to exercise considerable caution, lest on the one 
band presumption carries wisdom and discretion away, and admits 
foUy, or on the other hand, modesty closes the avenue of criticism, 
and thus the benefits derived from a good discussion are minimised ; 
however we may be permitted to touch upon the points that .do 
not seem clear'to us, if only in the way of formulating the same, 
to better enable the Author to deal with them in any reply he 
may make for our information, and to enable us the better to 
appreciate the merits of the Apparatus. 

With these remarks governing what I have to refer to, I may 
begin by observing that what I saw this afternoon, I now 
recognise to be a similar arrangement to that before us. My first 
impressions were infiuenoed by several cumbrous-looking cases, 
arranged vertically, which, if indispensable, I thought would not 
be very suitable anywhere outside a protected space, oi would at 
least require to be away from the working gear of the St«amer. 
To my idea it did not appear to be capable of being as snugly 
arranged, say on an open poop or deck as some other gears are ; 
however, there might be simplified arrangements to suit special 
oases. I am only referring to that I saw, as space can generally 
be found, or provision can be made in building new steamers, so 
that the want of a protection need not be a valid objection to an 
otherwise suitable gear. It occurred to me, however, that oon- 
siderable space, and perhaps constructive cost, might be saved 
without sacrificing much efBoienoy, if any, for a much snngger 



amngement, if the epiings or eotue " ouBhioning " gear could Iw 
fitted inside the oylindw, on each side of the piston, or on the 
eorera, — dcdng away with the vertioal " Bpring-towera " 
altcwether — thus saraigthe sp&oe and giving a better appearanoe 
to l£e whole. Ab this gear seems to be oatefuUy thought out in 
desi^, probably the ideas I have indicated may have ooourred 
to the Author also, and we may be assmred of a satisfaotory reply 
to the queries : — 



Next, I obierved Out the wCTiii-Hhaft i« apparently <x 

OTdinary flange «eciired with small bolts, — poanbly tliere may bo a 
recen (which is not viuble without a section) — to the wonn-sleeTe, 
with which it mart neceBsuily revolve, and I should fancy with con- 
■idetable velocity at times, and I am led to ask the foUowtog 



shock as the rudder, when 



3. II BO, and they should foU, would the wonn-ileeTe r 



fi. Or, are there other checks to provide for such a contingency f 



Is the piston end of same not subject to excessive wcat at some point 
within the pressure cylinder, involving leakage past the piston, thus 
afEectdng *' cushioning efficiency" more or less? 

The toothed "segment" on the quadrant engaged by the "worm" and 
the ' ' worm " itseli, both appear to be rough castings, not machined, 
consequently there most be some clearance between Oiem, which must 
be increased by the wear, due especially to the minute vibrations not 
token up by the cushioning gear, when the rudder is working most, 
I.;., at the smallest an^ea from a midship helm (and not when 
working - hard over) . The vibrations being more intense (though 
minuto] are more wearing on tho worm, which in those circumstances 
has the additional duty thrown upon it of steadying the rudder entirely 
through its contact (with clearance) with the toothed quadrant. This 
clearance must also be more considerable when the worm travels 
either way— being less in gear — under the influence of greater shot^ 
doe to the greater leverage. 



Would this not soon be detrimental to the toothed gearing, and open to 
the chief objections in most gears, vis. : — Producing the chattering 
noise due to vibration t 
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Tn relerring to the ge&i aa a whole, as before Inditsted in com- 
pariBon, of conne, with a atnndard of perfection, I aabmit, 
would it not be better if the vibration and ahocks were 
cnAhioned within the circumference of the Quadrant, and before psaaing 
thTonch the whole "Steering Apparatua'' to ita deotination in the 
" Cusnion Cy liader." It appears to me that the shocks tranamitt«d 
through the interrening gear must be detrimental to that geai. 
Boundly speakjng, why not check at once theeo shocks, which are shown 
to be very severe, and with diagnuns of which the author has so abljr 
completed hia paper, andl thinkhe may justly claim them to beamost 
reliable source ol data, gained as they are from the instnunent doBiKued 
andnsedinconnectianwithluBgeaT. I would repeat, why pass alt these 
terrible straina through the ''Steering Apparatus," which, mark 
well, has ita own important duty in the navigation of the Steamer, 
Biuelj enough to expect it to do properly in the best ol best conditiona, 
without any other duty with which it has nothing whatever to do P 
Why not fit the cushioning gear separate, placing it before, and not 
behind, the steering apparatus ? Say, direct on the rudder quadrant or 
tiller, thus dealing on the spot with a cause of trouble and leaving the 
steering appaistuB to do its own work under bettor conditions; free 
from any disturbing influences - 

The oourse of diaouSBioii, or the author's reply may elucidate 
or explain some of the poiata to which I have refenred ; at any rate, 
I have no doubt we will all, after this interesting paper, and the 
ideas brought into play in oonnectioii with it, better ■nderetaod 
the duties and functions of steering gears, and this gear in 
partionlar. The objects of our meeting indeed, include the attain- 
ing of a knowledge of the specialities which meet us as praotioal 
Engineora day by day, and our Institute was eetablished with a 
view to this end, and I trust we will all benefit not only by what 
we have heard, or may hear tb^" evening, but by many similar 
meetings yet to come. 



MR. J. HAWTHORN'S REMARKS^- 

Before making any remarks on the subject m&tter of the 
paper, the unavoidable absence of the author ot which I am sure 
we all regret, I would congratulate the Council of the Institute in 
having such a representative audience at this — our first— meeting for 
discussion, and in having such an interesting paper laid before us. 
I have followed the reading of the paper, and to dispel a few 
doubts, I would, with his kind permission, put a question or two 
to Mr. Gibb ;— 

I. Am I ri^ht in aasaming that the Volute Springs are acting on openings 
equal inarea at each sideof the Piston f If so, how is the diSerence of 
Piston areas due to the Piston Kod in the Cushioning Cylinder met 
with F Is it not rather the difference of compretnon to which tbey ate 

■abject F 



Cylinder to the other P {My reason for asidng this quertioi ... ... 

was my experieoce to he smpmate with an engine of the kind known 
as the Single Tandem, there we had a large By-wheel with teeth in the 
rim. An engine was laid horizontally, whose line of motion was a 
tan^:ent to the fly-wheel, this engine being employed to pull the main 
engine off the centre, should it -' '■ " '■•'" ■" •'■" 



There is another point I am not very clear about, vix. : — How in the 
dianama is the severity of the strain arrived at ? It I am right I 
heliero the diagrams are made in the usual method, aa by an ordinary 
Indicator and t£o lino of motion by means of the paper rolling off one 
barrel on to another aa the Rudder is made to pass through any angle. 



Will this system of Steering Qear obviate the necessity of the lar^ 
stnfBng bines and f^AoiB Iniongh the deck, such as we have and reqaire 
foi all other gear* with which I am acquainted ? 



MR. A. GIBBS' REPLY. 

I luTe listened with great interest to Mr. Craig's extended 
mnarks. I am enre lie must have spent a long time on board the 
ship this afternoon, and I am ^lad he did bo. I will answer hi» 
queetions as follj as possible ; but his remarks being written out, 
and so long, I am afraid I will not be able to follow them in 
rotation. Iwould, however, be glad to do so, if he would hand 
over to me his written remarks. 

Mr. Craig saw the gear after having been at work for about 
luno months, and found it all closed up ; not an unusual case, for, 
when ^e gear is fitted, it requires little or no attention for years. 
This is sustained by the fact of similar gear having been at work 
for about four years, in the Western Ocean trade, and costing 
little or nothing for repairs up to the present time. 

As to the Cushion Cylinder, I agree with Mr. Crtug as to its 
nnsightliness, but must remind him these were the first designs, 
and we have always fitted them under cover, so that, in hammog 
the steamer, none of the numing gear oould foul the cushion 
crylinder in any way. 



There are several de&igiis of Qub <^lmder in widob. the whole, 
of the unsiglitlineBB, to which Mr. Craiff refers, has been got over; 
and this oylinder is now only half Uie height E^own in the 
drawing. 

The springs could not he pat inside the cylinder as suggested 
it would only add length to it, and greater Boor E^aoe would be 
required. 

lldjr. Grug would notice when he was on board the steamer to- 
day that one inch could not be added to the length of the present 
ojunder, as it was already close up to the counter of the ship, and 
was very snugly arranged, one of the great points in the gear oeing 
to make the cushion cylinder as short as posable. 

The Piston Bod of the cushion cylinder is connected with ^ 
solid wrought Qange to the worm, the ooapling bolts are subject f* 
a certain amount of rudder strains in tendon, and are carefully 
calculated for that, the combined sectional area is greater than the 
sectional area of the piston rod, the bolts are thus dimensioned in 
the usual way. In tiie event of piston rod or bolts breaking, a 
most unlikely event, the worm woiJd run out of gear, when fiie 
hand gear could be shipped at once, .ill other gears have more 
than one hundred chances to break down, as compared to this 
gear, for, when chains or rods are applied, every link and every 
joint has a chance of breaking; therefore yon will see atonoehov 
much more safe is the gear now under discuaaon. 

There is no wear in one part of the cylinder more than in 
another. This has been carefully provided against ; the oup 
leathers in the cylinder do not revolve, so the^ ia no tear or 



The toothed segments and worm are not machined, but are 
carefully made, so that they are a proper fit. We have found 
from experience that with the skin on the castings they work wdl. 
I would just say that the worm or toothed gear of this quadrant 
has from one-tenth to one-dxth less work, or less revolutions than 
any other gear in the market ; this also means a saving of steam 
for the engines working the gear. In the event of any wear at one 
part of the quadrant, it can be arranged for the qnadrant to be 
composed of segments, and that one more liable to wear made of a 
special mixture, praotioally unaffected by tear and wear. 



As to the vibraticms Bud shooks being ousbioDed within the 
dnamfennoe of the quadmit. Tbifi style I hare also seen, and 
mj opinioD, based npon experienoe in cooneotion with repairing 
mioh, la that the tear and wear is very considerable, and even with 
this azT&iigement the recoil of the quadrant throws gre&t strain 
npon thb engine. 

In reply to the remarks made by Mr. A. W. Robertson and 
other gentlemen, I have noted liheir questions, and will now give 
replies : — 



>Dtrolliiig valre, and is 



The speces in the cuBbion cylinder are so armnged that vhen the hand 
gene is at work, the worm and piston are pushed back 90 lU to be clear 
ol the qaadt«nt, hence the pixton when in mid position relatively to the 
gear is not in the mid position ot the cylinder. 

There is no Tibmtion on the rudder bead. The quadrant and worm ate a 
proper fit, and any working ol the rudder is quite noiseless, the 
coshioning cylinder being fuu of oil, and arrangoa with springs. At 
the same time the rudder may yield to any heavy strains coming upon 
it suddenly, but it goes back quietly to the position whence it was 
pushed. 



There is a small percentage of pressure, greater on one aide of the 
eylinder than the oUier ; hut it is very sniall, and that happens in all 
cases where a piston is worked by a thI through a stuffing box. BiU 



MR. J. W. DIMMOCK'S REMARKS^- 

It has ^ven me tbe greatest pleasure to listen to the interest- 
ing and highly iDstructive paper by Mr. Maginnis ; ^so to the 
remarks of those gentlemen who have taken part in the discuseion. 
It appears to me that several questions asked oy previous speakers, 
have not yet, to my mind, at least, beau satisfactorily answered. 
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In estdmating the v&lae of the Maginnis Steering GTear, and 
its plaoe among other Bteering gean, I think it would be well iox 
UB to consider the qualities of an idetd steering gear, and then see 
in what reepecte tms gear oomes up to it. 

Id an ideal gear, ve should have, I think : — 

1 . A gear vMch ii compBcl, and occttpiee small space. 

2. Which contaiuB the fewest po«tible worldsg ptxta. 

3. Which holds tho rudder tight and prerenta rihration. 

4. Which checksall shockfl due to the impact of the sea on the rudder by an 

olastic bultfr, or other means, before such shock is transmitted to the 
working gear. 

6, Which works without noise, or almost bo. 

Ist. In the Maginnis gear we find it is not oompaot, although 
it occupies hut little deck space ; the two Vertical CuBnion Cylinders . 
should be remoTed irom tiieir pi-eeent position and provided for 
elsewhere. Mr. Craig, in his remarks, suggested that they should 
be put in the plaoe of the cylinder oovera, or even the 
Piston may be made to aot as Piston aud Cushion Cylinders com- 
bined. Mr. Oibb seemed to think this impracticable, but I venture to 
think, with a piece of chalk and a black-board, I oould sketch a 
Piston which would answer the purpose. The arrangement in the 
sketch before us cleajly shows that these cylinders would be very 
much in the way of working the ship, being very liable to lie 
caught and carried away by the quarter hawsers or check lines, and 
in such an event the gear would be rendered perfectly useless. 

2nd. We find the Maginnis gear has very few working parts, 
and therefore not so liable to get out of order as many other gears ; 
in this point, I think, we have a great improvement. 

3rd. This gear, I tbink, is not up to the ideal as to holding 
the Budder horn vibration, the Kudder moves each way, equal to 
the necessary amount of clearance between the quadrant and worm. 
This might be remedied to a certain extent by cutting the teeth of 
the quadrant by machine, and making the worm fit accurately 
without clearance, but even then the worm and quadrant will wear, 
and vibration will take plaoe, the Stuffing Box will have to be 
looked after as in other gears, and packing used to hold the Buddeo' 
steady. 
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4th. The Cushion Cylinder does not prevent Kudder shooke 
from being tranemitted through to the working gear ; fjie worm 
and quadrant are subjected to the ahoeks, which, in a heavy seaway 
are considerable ; the Cuehion Cylinder in my opinion, ought fo l>e 
in direct oooneotion with the tiller, as referred to by Mr, Craig, 

Sth. The Maginois gear appears to be practically noiseless, 
with the exception of what may be due to vibration, when the 
clearance between the teeth of the quadrant and the worm ia 
moreaBed by wear. 

In closing, I consider that very great skill and ingenuity have 
been shown by the inventor in maMng a combination, which, with 
a few minor improvements, bids well to become the best steering 
gear extant, and much in advance of older methods, both steam 
and hydraulic, than which it is more efficient, silent, and reliable. 
Beferring to the Indicator,Diagrams of Rudder Strains, I think we 
should have before us the relative areas of the Cushion Cylinders on 
both sides of the Piston, as well as the distance of the Budder from the 
Stook, viz. : — The different leverages. These would enable us to 
arrive at some definite data of Eudder strains. The difference in 
the pressure between the Starboard and Port Cards I consider due 
not so much to the action of the Screw Propeller, as to tie difference 
in areas of the Cushion Cylinders, the Piston Bod being at one 
Mid of the Cylinder only ; the cards properly understood BJid 
dealt vrith will then give a true record of torsional struns the 
rudder stock has to bear. 



MR. GIBBS FURTHER REPLY :- 

I thank Mr. Dimmock, on behalf of Mx. Maginnis, for his 
kind expressions, and as he implies that the questions have not all, 
to his mind, been satisfactorily answered, with which view I am 
glad to hear you do not all agree, I will repeat my answers in 
slightly different form : — 

1. It ie more compact thim anr other gEer with which I am ncauunted, 

and takes up very much foes space, of thia you can judge mim the 
drawiogs now Ijefora you. 

2. It has also fewer working part*. 

3. It holds the rudder tight, and has do vibration, the rudder will pcld 

without Doiec to any extra strain put upon it, and after the strain is 
removed the rudder will return to its former position. 

4. Hence it checki all ehocka bom heavy seas by means of the spring! 

connected with the cushion cylinder. 

5. It works without noise of any kind. 



I differ entirely from Mr. Dimmock when he eaja it is not 
oompaot ; perhaps not so oompaot as to he perfeot to hia mind, but 
I repeat it is more oompaot than any other gear in the market, 
BO mudh BO, that in one drawing now before yon this gear shows 
a saving of several oubio feet over the gear now at work, and is 
about one-third of the weight. As to the vertical cylinder there 
ia one set of desgns in which both the width and the height is 
reduced one half. As to putting the n)ring8 on the end of the 
cylinder, it is not impossible, but it would require very much mora 
deck room. I am of opinion, therefore, that it would not improve 
the gear. In the case referred to by Mr. Craig, not one inch 
ooulabe added to the length of the gear, on account of the rudder 
being so close to the stwn of the vessel. I am rather amused to < 
hear Mr. Dimmook say that he could draw down with a piece of 
chalk, in a few minutes, something that would answer the purpose 
better, when I consider that Mi. Mf^iinnis has been at the 
designing of this gear with its varioiis modifications and improve- 
ments for several years. 






I again thank the various speakere for their ezpreeraons of 
approval, and regret much tbat Mr. Maginms hiouelf is sot 
present, as he womd have dealt with the subject much better than 
I have. It is very difficult to follow a long paper, but I may 
point out that the particulars as to the area of rudder, speed c 
ship, radius of quadnmt, are all mentioned in the paper itself. 
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Ths Langteorne Boohs, 

BEOADWAlt, 

Steatpobd, 

June Gth, 1889. 

A Meeting of the Institute of Mabine Engineers wu 
beld here this evening, when the disoussion on Mr. Manusl'b 
Paper, read May 27th, waa continued. 

The following pages contain a Beport of the proceedings of 
both evenings, also the Paper read by Mr. Manuel on Shafting in 
the Mercantile Marine, with illufitrations reduced from the 
diagrams which were exhibited. 

The Meeting on the 27th ulto., was presided over by 
Mr. J. McParlanb Gray, and on the 6th inst. by the writer. 
"Mx. Manuel was present on both evenings. 

The following intimations were given at the Meetings : — 

1, The Re^ulration of Tai iMSTtTOTB or Haxihb Enouiibm has been. 

■anchoned by the Board of Trade. 

2. Over 200 volumea ai« now in the Library Cue in the Beading Boom 

foe the use of Hemben. 



n September, when 
ir Mr. NiwALL. 
The Libtuy and B«ading Boom vill remain open as usnsl every 

evening from 6 to 10, 
It is hiehly dedrable that the Home address ol every Member, 
Aasociate Member, Anodate and Qraduate, should be sent in 
without delay for verification of the Boc^ and posting of 

. Members who have not vet received co^ie< of the flnt Ptip^ of the 
Beacion, may recMve them on application at the WimliTig Boom. 
Brief Report* of our Meetings held to this date have appeared in 
aeveial well-known Technical and other Journals, aa Tht Marwu 
Engineer, Fair Flay, The Engineer, Engiaeering, Iron, The Praelical 
Engineer, I%e Meehanieai World, Indmtria, uid in several local 
papers. 

JAMES ADAMSON, 

Hon. See. 



a'VX.X^ABUS fOP SKSSIOXr xsso-so. 



•APPROXIMATE DATES. 



Badial Valve Qrex . 



•Wednesday I 
7.30 p,iQ. S 



Bilge Pumpa and Bosoa , 

Forced Draught 

OeDernl Business Ueeting . . 

( Progress and Develoirenent 1 
I of the Uarine Engine j 

Marine Boilers 
Application ot Zinc . . 



Dec20tti ., PiakiDa 



Mr. W. J. CuAia. 



Mr. Jos. 'Wn.MAMH^ 



Mr. A. BiLDUc. 



Mr. G.W.Mancbi., 



CEANK MD SCREW SHAFTING 

IN THE 

MERCANTILE MARINE. 



Bbtkq asked to lead a Paper before your Institute, I have ohosea 
this subject, as I thmk no part of tbe Marine Engine has given so 
much trouble and anzietj to the seagoing engineer, and bom the 
list of shipping oaaualties in the daily papers, a large proportioa 
Beem due to the Bhafting, causing loss to the shipowner, and, in 
Bome instanoes, danger to the crew. 

My endeavour is to put some of the causes of these oaaualties 
before you, also some of the remedies that have tended to reduoe 
their number. 

Several papers have been read on this subject, chiefly of a 
theoretical description, dealing with the calculations relating to the 
twisting and bending momenta, effects of the angles of the cranks, 
and length of stroke — notably that read by Mr. Milton before the 
Institute of Naval Axchiteots in 1881. The aiAj practical part of 
this paper dealt with the possibility of the shafts getting out of 
line, and, regarding this contingency, Dr. Kirk said that " If 
Superintendent Engineers would only see that the Bearings were 
kept in line, broken crank and other shafts would not be so much 
heard of." 

Of oouTBe, this is one of those statements made in disousBioos 
of this kind, for what purpose I fail to see, and, as far as my own 
experience goes, is misleading ; for, having taken charge of steamers 
new from the Isuildera' hands, when it is at least expected that 
these shafts would be in line, the crank shaft hearings heated vezT 
oonsiderably and continued to do so, rendenng the duration of me 



of the orank shaft s ^ort one, and though they were never what is 
termed "out ofUne,"the hearings oouldnof be kept oool without the 
use of sea water, and oooasionalfy the engines had to he stopped to 
oool and smooth up the hearing surfaoee, causing delays, worry and 
anxiety, for which the Sugineer in charge was in no way 
lesponsihle. 

Happily this state of what I might call uncertainties is being 
gradually remedied, thanks being largely due to those Engineers 
who have the skill to suggest improyemeots, aad the patienoe to 
carry them out agtunst much opposition. 

These improvements, in many instances, pertain to the 
Engine Builders' duties, and ore questions which I think have been 
treated lightly, notably that of insufficient bearing surfaoe, and 
one of the principal causes of hot bearings, whereby the oil 
intended for hibrioation was squeezed out, and the metid sorfaoes 
brought too dose in contact, and when barings had a pressure of 
200 lbs. per square inch, it has been found that not more than 120 
Ibe. per eqnare inch should be exerted to keep them oool (this varies 
aoo<mling to the material of which the bearing is composed) 
without having to use sea water, and prevent them bcdng ground 
down and thus getting out of line. 

I have known a bearing in a new steamer, in spite of many 
gallons of oil wasted on it, wear down one-eighth of an inoh in a 
voyage of only 6,000 miles, from insufficiency of bearing snifooe. 



Several good rules are in use governing the strength of 
shafts which treat of the diameter of the bearings only, and angles 
of the crank, and the Engine Builder along with the Shipowner Jias 
been ohary of increasing the surfaces by lengthoiing the bearings, 
for to do this means inorease of spooe taken up icxe and aft QiB 
vessel, besides additional weight of engine. 



Engine Builders all mm in oompeting to put their engines in 
less space than their rivals, giving same power and sometimes man, 
I think, however, this induoement is now more oarefully oonadered, 
as it has been found more economical to give larger bearing 
Borfaoes than to have steamers lying in port ratting a ciank abaft 
along with the consequences of heavy bills for salvage and repairs, 
also the risk of losing the steamer altogether. 



Proportionmg the bearing te the v^hts aod straios they 
h&ve to oany baa also been an improvement, the different bearings 
of marine engines were asually madti alilce in surface, irreepeotive 
of the work each had to do with a view to eoonomy in oonstmotioR ; 
in modern praotioe the after bearings have more eurfaoe than the 
forward, except in oasee where heavy slide valve gear has to be 
supported, so that the wear down in the whole length of the shaft 
is eqnal, tlius avoiding those alternate bending Bmuns at top and 
bottom of the stroke every revolution. 

Another improvement that has been suooeaafully introduced, 
adding to the duration of life of crank shafts, is the use of white 
bearing metal, each as Parson's Whito Brass, on which the shafts 
mn nnoothly with lees friction and tendency to heat, so that along 
with well proportioned surfaces a number of crank shafts in the 
Peninsular and Oriental Company's servioe have not required 
lining up for eight years, and Ihope irith oare may last tiU new 
boilers are required. 

Large and powerful steamers can be driven full epeoi from 
London to Australia and back without havine any water on the 
bearings, u^g oil of only what is considered a moderate price, 
allowing the engineer in onarge to attend to the eocmomical working 
of both engines and boilers {as well as many other engines of sQ 
kinds now plaoed on board a large mail and passenger steamer), 
instead of getting many a drenching with sea water, and worried 
by doee attention to one or two hot oearinge all the watoh. Com- 
pare these results with the following : — " In the same servioe in 
i)j64, and with no blame to the engineers in charge, the crank 
shaft bearings of a screw steamer bad to be lined np every five 
days at intermediate P<Hte ; through insufficient bearmg snrfaoes, 
sea water bad continually to be used, resulting in frequent reqewal 
of orank shaft." 

Steamers can now run 25,000 miles without having to lift a 
bearing, except for examination at the end of the voyage. I would 
note here that the form of the bearings on which the shafts work 
has also been muoh improved, they are made more of a tolid 
character, (he metal being more equally disjiosed round the shaft, 
and the use of gun met^ for the main bearings is now fast dis- 
appearing ; in laive engines the only metals used are oast iron and 
white brass, an advantage also in reducing the amount of wear on 
the reoees by cotfooou and grinding of the cast-iron under 
Inase, where sea water was used, often to a oonmdenble extent 



Figures No. 1 and No. 2 show the design of the old and new 
main beeirings, and I think require hut little explanation. Host 
of you present will rememher your feelinge When, after a hot 
hearing, the hraeses were found to he cracked at top and hottom, and 
the trouhle you had afterwards to keep these hrasses in position. 
Where a smoking hot bearing occurred, say in the heating of a 
orank pin, it had the effect of damaging the material of the shaft 
more or less according to its original sonndnesa, generally at the 
fillets in the angles of the cranks ; for when the outer surface of 
the iron got hot, cold water, often of a low temperature, was 
suddenly poured on, and the hot iron, previously expanded, waa 
suddenly contracted, setting up strains whioh, in my opmion, made 
a small t«ar transversely where the metal was solid, and where, 
what is termed lamination flaws due to construction, existed ; these 
were extended in their natural direction, and by a repetition of 
this treatment these flaws beoame of such a serious chanicter that 
the aheifts had to he condemned or actually gave way at sea. 
Figures 3, 4, 5, and 6, show these flaws. 

The introduction of the Triple Expansion Engine with the 
three Cranks gave better balance to the shaft, and the f<m;eB acting 
in the path of the crank pin being better divided, caused more 
regular motion on the shaft, and so to the propeller. 

This is specially noticeable in Screw Steamers, and is taken 
advanta^ of Dy placing the oabins further aft, nearer the pro- 
peller, t£e stem having out little vibration ; the dull and heavy 
mu^ng sound due to unequal motion of the shaft in the two 
orank engines is exchanged for a more regular sound of less extent, 
and the power formerly wasted in vibrating the stem is utilised in 
propelling the vessel. 

In spite of all these improvements I have mentioned, there 
remain the serious questions of the defects in the material — due to 
variety of quality — and the extreme care that has to be exeroised 
in all the stages during construction of crank or other shafts 
built of iron. 

Many shafts have given out at sea and been condemned 
through no other cause than original defects in their oonstruotion 
and material. 

The process of welding and forging a crank shaft of large 
diameter now is to make it up of so many small pieces, the best 
ihafts being made of what is termed scrap, representing tiioueands 



of small pieces of selected iroa, mioh as outtin^ of old iron boiler 
plates, cuttings off forgings, old bolts, horse shoes, angle iron, &o., 
all welded together, forged into billets, re-heated and rolled into 
bars ; it is then cut into lengths, piled, and formed into slabs of 
snitable size for velding up into the shaft ; no doubt this method 
is preferable to the old method of " faggotins: " — so-called — as 
the iron bars were placed side hj side resembling a bundle of 
&gotB of about 18in or 20in. square ; the result vas that while 
the outside bars would be welded, the inside would be improperly 
welded, or the hammer being weak, the blow would be insufBcient 
to secure the proper weld, and it was no uncommon thing for a 
shaft to break and expose Uie internal bare, shewing them to be 
quite separate or only partially united, as in Figure 4. 

This danger has been much lessened in late years by careful 
eeleotion of the materials, improved methods of cleaning the scrap, 
better furnaces, the use of the most suitable fuel, and more power- 
ful steam hammers. Still, with all this care, I think I may say 
there is not a shaft without £aws or defects more or less, and when 
these flaws are situated in line of the greatest strains, audi though 
you may not have a hot bearing, they often extend untQ the shaft 
beoomes onseaworthy. 

Figure 4 illustrates section of a shaft that gave way, and found 
not to he welded about the oentre ; this shaft was made in 1869. 
Figure 5 illustrates the section of a shaft made in 1880. Yon will 
Bee this shaft gave way from flaws situated near the outside of the 
eeetion, the opposite of figure 4 ; these flaws were not obserrable 
when the shuts were new, although carefully inspected ; they 
eradually iuoreased under strain, came to the outside and were 
detected, having assumed the form as per figure 5. Considerable 
lose fell upon the owners of these vessels who were in no way to 
blame, nor could they recover any money from the makers of the 
shafis, who were alone to blame. I am pleased to state, and some 
of the members here present know that considerable improvement 
has been effected in the use of a better material than iron for 
orank shafts by the introduction of a special mild steel by Messrs. 
Tickers, Sons and Company, of Sheffield, and that instead of 
having to record the old familiar defects found in iron shafts, I can 
Bafely say no flaws have been observed when new, or during eight 
years' running, and there are now twenty-two shafts of this mud steel 
in the P. & O. Company's service. 

I may here state that tteel was used for crank shafts in this 
servioe in 1863, as then manufactured in Prussia by Messrs. Exupp, 



10 

and generally known as Krupp's Steel, the tensile strength of whioh 
was about 40 tons per square inch, and though free from flaws, it 
was unable to stand the fatigue and broke, giving little warning. 
It was of too brittle a nature, more resemblmg omsel steel, wbioh 
jou will see by the fracture as shewn in figure 7, it was broken 
again tmder a falling weight of lOowt. witb a lOft. drop =12 

The mild steel now used was first tiied in 1880 ; it had s 
tensile strength of 24 to 25 tons per square inch, it was then con- 
sidered advisable not to exceed this, and err ratber on the safe side ; 
this shaft has been in use eight years and no sign of any Saw has 
been observed. Sinoe then the tensile strength of mild steel has 
gradually been increased by Messrs. Viokers, the steel still retain- 
ing the necessary ductility and toughness to endure fatigue ; this 
has only been arrived at by improvements in the manufacture, and 
more powerful and better adapted hammers to forge it down from 
the Ifu-ge ingots to the size required ; the amount of work to which 
they can now subject the st^l renders it more fit to sustain the 
fatigue such as that to be endured by a crank shaft. These ingots 
of steel can be cast up to 100 tons weight and require powerful 
machines to deal with tnem. For shafts, say of 20 inches diameter, 
the diameter of the ingot would be about 52 inches ; this allows 
sufficient work to be put on the couplings as well as the shaft ; to 
make solid crank shafts of this material, say of 19 inches dicuneter, 
tbe ingot would weight 42 tous, the forging when completed 17 
tons, and the Uni&hed shaft 11 j tons, so that you see there is 25 
tons wasted before any machining is done, and 5^ tons between the 
forging and finished shaft. This makes it very expenalTe for solid 
shuts of large size, and it is found better to make what is termed 
a built aliq/l— the cranks are a little heaver and engine framings 
necessarily a little wider, a matter comparatively of small moment. 

I give you a rough drawing of the hydraulic hammer, or 
strictly speaking, press, used by Messrs. Yickers in forging down 
the ingots in shafts, guns, or other large work ; this hammer can 

five a squeeze of 3,000 tons. The steel seems to yield under it 
ke tough putty, and unlike the steam hammer, there is no Jarring 
on the material, and it is manipulated with the same ease as a 
small hammer by hydraulics. 

The tensile strecgth of steel used for shafts having increased 
from Ui to 30 tons, and in some cases 31 tons— considering that 
this was two tons above that specified, and that we were approach- 
ing what may be termed hard steel— 1 proposed to the makers to 
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toBt this material befond the iu\ial tests, viz.: — Tensile, extenaion 
and oold l>ondiiig testa ; the latter I oonsidered was much too easy 
for this fine material, as a piece of fair iron will head oold to a 
radius of IJ times its diameter or thit^ess without fracture, and 
I proposed a test more resembling the fatigue that a orank shaft 
has sometimeB to stand, and more worthy oi this material, and in 
the event of its standing this succesKfully, I would pass the 
material of 30 or 31 tons tensile strength. Messrs. Yiokers readily 
^reed, and I give you a sketoh of the apparatus used, viz. :— 
l^gnie 9. Specimens of steel used in the shafts were out off 
different pariB — crank pins and main bearings — (the shafts being 
Iniilt shafts) and roughly planed to l^in. square, and about 12 
inches long ; they were laid on the block as shown, and a oast iron 
block, fitted wim a hammer head haU-ton weight, let suddenly 
iall liia, the block striking the bar with a blow of about 
jour tons ; the steel bar was then turned upside down and the 
Mow repeated, reversing the pieoe every time until fracture was 
observed, and the bar ultimately broken- The results were that this 
steel stood 58 blows before shewing signs of fracture, and was 
only broken (as shown in fig. 9a) after 77 blows ; it is noticeable 
bow many blows it stood after fracture. 

A bar of good wrought iron undressed, of same dimensions, 
was tried, and broke the first blow. 

A bar out from a piece of iron to form a large chain, after- 
wards forged down, and only filed to same dimensions, broke at 
35 blows. I was weU satisfied with the results, and considered this 
material, though possessing a high tensile strength, wss in every 
way suitable for the construction and endurance required in 
crank shafts. 

Sheet No. 1 shows you some particulars of these tests. A. 

Tensile Elong. Bend. Fmcturod Broke Fall 

Tana in Sin. blows blows 

A. = 30-6 287„ Good 61 78 12in. 

In order to test the comparative value of steel of 24j up to 
35 tons tensile strength, I had several specimens taken from shafts 
tested in the manner described, which may be called a fatigue test ; 
the results are shown on same sheet. B, C, D. E, F, G-, U, I. 



B. = a4J 




Good 


Ditto = .. 






C. = 27 


26'9''/, 


G^ 


r. = 29-6 


28 4"/, 


Good 


E. = 30-6 


28-9«(° 


Good 


F. = 36-5 


20-/: 


Good 



The latter was very tougli to break. Spednmi marked A 
shews 70a one of these pieces of steel. 

I show yon also fresh broken speoimens which will give you a 
good idea of the beautiful quality of Has materiaL These speoi* 
mens were cut out of shafU made of Steel Company of Sootlaud's 
steel. I also show you specimens of oold bending. 

G. 30 9 27i% Good fis 6S 12m. 

H. 29-3 30°/, Good 66 90 12iii, 

I. 2S-S 2B'97a Good 63 68 12m. 

I think all of the above testa show that this materiaL when 
carefully made and treated with suEBment mechanical work on 
forging down from the ingot, is suitable up to 34 tons for orank 
sh^ts ; how much higher it would be deairable to go is a question of 
superior excellence in material and manu&cture resting with 
the makers. I would, however, remark that no allowance has been 
made by the Board of Trade or LJoyd's for the exoellenoe of this 
material above that of iron. 

I was interested to know how the material in the beat iron 
shafts would stand this fatigue test oonipared with steel, and had 
some speoimens of same dimensions cut out of iron shafts. The 
following are the results : — 

J. 18'6 2i-a'l, Good 17 18 12iii, 

Made of best double rolled scrap 4| owt. blooms. 

K. 22- 32i°/, Good 21 32 12iii. 

Best iron, three good qualitieB, rolled into flat bars, out and 
made into 4) owt. blooms. 

You will see from these results that steel stood this fatigue 
teat 73°/o (Vickers) BS^/o (Steel Company) better than ii«n of 
the best quality for orank shafts, and I am of opinion that so long 
as we use such material as these for orank shafts, along with the 
present rules, and give ample bearing surface, there will be few 
broken shafts to record. 

I omitted to mention that built shafts both of 8t«el and iron 
of large diameter, are now in general use, and with the excellent 
machines and special meohanios, are built up of five separate 
pieces in suoh a rigid manner that they poseees all the suidifr^ 
necessary for a orai£ abaft. The forgings of iron and steel being 
much smaller, are (apable of more careful treatment in the prooess 
of manufacture. These diafts, for lai^ Mail Steamers, when 
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oonpled up are 35 feet long, and weigh 45 tons. They reqmre to 
be oarefuUy coupled, some makers fimshing the 1>eariags in the 
lathe, others, depending on the ezoellenoe of their work in each 
piece, finish each complete. 

To ensure the correct centring of these large shafte I have 
liad 6iD. dia. recesses, fin. deep, tunied out of each coupling to one 
enage, and made to fit one diso. Duplicate discs are then fitted 
in each coupling, and the centring is preserred, and should a spare 
piece he ever required, there is no trouble to couple correctly on 
Doard the steamer. Photograph shows a built shaft in the lathe. 
SHgure 10 shows the reoeeses and disc. 



PROPELIiEB 8HAPT8. 

The Propeller Shaft is generally made of iron, as per figure 
11, and if made not lees than the Board of Trade Ilules as re^rards 
diameter, of the beet iron, and the gun metal liners carefully fitted, 
they have given little trouble ; the principal double has arisen from 
defective fitting of the propeller boss. 

This shaft, working in sea water, though running in lignum 
vitsB bearings, has a considerable wear down at the outer bearings 
in four or five years, and the shaft gets out of line. This wear 
lias been lessened considerably by fitting the wood so that the 
grain is end way to the shaft, and, with sufBcient bearing surface, 
tiiese bearings have not required lining up for nine years ; it is, 
bowew, a ^Laft that cannot be inspected, except when in dry 
dock, and has to be disconnected from the propeller and drawn 
insido for examination at periods suggested by experience. 
Serious acddents have occurred through want of attention to the 
examination of this shaft, working in salt water with liners of 
giunmetal, galvanic action ensues, and extensive oorrosion 
takes plaoe at the ends of the brass lin^is, more especially 
if they are faced up at right angles to the shaft — Borne engineers 
have Uie uncovered part of the shaft between the liners inside the 
tube protected against the sea watw by winding over it toned 
line ; as this may give out and cause some trouble by stopping the 
watOT space, I have not adopted it, and shall be pleased to nave the 
«xperienoe of any seagoing engineer on this important matter — ^A 
groove round the shaft is formed due to this action, and, in some 
«ases, the shaft has broken inside the stem tube, breaking not only 
it, bnt tearing open the hnll« resulting in the foundering of the vesseL 
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Steel bas been used £or eorev Bbafte, bnt has not been fotmd 
BO suitable, as it oorroiies more rapidly in tbo preaenoe of salt 
water and gou metal tban iron, and umees protected bj a solid 
liner for the most part of its leogtb — a meohsnioat feat trhich baa 
not yet been aobieyed in ordinarj oonstruotion, as this liner would 
require to be 20 ft. long. I find it exceedingly difBoult to get a 
l^er of only 7 feet long, in one pieoe, and the majority of 6 ft. 
liners are fitted in two pieces; the joint of the two liners is rarely 
watef-tiqkt, and many shafts have been destroyed by this method 
of fitting these liners. I trust that Engine Builders will mafce a 
step funher in the fitting of the linars on these shafts, as it is 
gainst the interest of the Shipowner to keep ships in dry dock 
from suoh causes as defeotive Imers, and I think it will be only a 
matter of time when the screw shaft will be completely protooted 
from sea- water, at least inside the stem tube ; when this is done, £ 
would have no hesitation in using steel for screw shafts. 

Though an eaner forging than a crank shaft, these shafts are 
often liable to flaws of a veiy serious character, owing to the 
oontractiou of the mass of mettu forming the ooupling ; the out^de 
cooling first, tears the centre open, as per sketch, figure 14, and 
when there ia not much metal to turn on the face of tne ooupling, 
it is sometimes undiscovered ; having observed several of these 
cavities, some only when the last cut was being taken oS, I have 
oonsidered it advisable to have holes bored in the end and centre of 
each coupling, as far through as the thickness of the flange ; when 
the shafts ate of lai%e size this is sure to find these flaws out. 
Another flaw, whic£ has, in many cases, proved serious when, 
allowed to extend, is situated immediately abaft the gun-metal 
liner in front of the propeller, as per figure 12, 

This may be induced by ooirosion caused by the presence of 
sea-water, gun-metal, and iron, assisted by the rotation of the 
shaft. It may also be caused under heavy strain, owing to the 
over finishing of the shaft at this part imder the steam hammer. 

The forgemen in these days of oompetition and low prices are 
instructed to so finish that there will not be much weight to turn o£f 
when completing the ^laf t in the lathe ; this is effected by die use of 
half-round blocks under the hammer at a lower temperature than 
the rest of the forging is done, along with the use of a little water 
fiung on from tune to time, and it is remarkable how near ^ 
fcofimg is in truth when centred in the lathe and how little there 
is to come off ; the effect of this manipulation is to form a hard 
ring of dose grain about one inch thick from the oircumferenoe of 
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the shaft invards. The metal in this risg ia muoh harder than 
-that in the rest oi the shaft, and ta^es all the strain the inner 
section givee ; oonseqnently when strain is hronght on either in 
heavy veather, or should the propeller strike any object at sea or 
in the Snez Canal, a fraotnm is caused at the oiroamf erence ; this, 
asdieted by slight oorrosion, has, in my ezperienoe, led in the 
■course of four months to a sorev shaft being seriously orii^led. 
Fig. 13 showa a section of a screw shaft found to he flawed, and 
which I had broken under the faUing weight of a steam hammer, 
when its appearanoe conveyed to me that it was weakened by tt* 
-treatment I navo referred to. I think more material should bfr 
left on the foi^;ing, and the high finish with a little cold water 
ahould be discontinued. 

Doing away with the outer bearing in the rudder post is an 
improvement, provided the bearing in the outer end of screw shaft 
in the stem tube is sufficiently Wge ; it allows the rudder post to 
have its own work to do without bringing any strain on the screw 
shaft, and in the event of the vessel's grounding and striking under 
the rudder post, the direct effect does not bear on the screw shaft — 
it also tends to reduce weight at this part, where all the weight is 
overhung from the stem of the vessel. 

Having placed these experiences and remarks before you, I 
Bhall be pleased if some of the members will give the Meeting 
some information on these important shafts that will tend to their 
duration and efficiency. 



MR. A. BELDAM'S REMARKS-27'* ify- 

I agree with Mr. Manuel, that for crack shafting, at least, steel 
is much more reliable than iron ; one reason, probably, that scrap 
iron shafting is not so reliable as it used to be, is that a great deal 
of steel is used now for ship-building and other purposes, and the 
scrap steel getting mixed with the iron scrap, makes the welding of 
these many thousand pieces more uncertain, as it is well-known 
the welding together of steel is not so reliable as wrought iron,' 
sad that, with tne greats ntunber of pieces, a great deal of dirt is 
colleoted, and which also proveots amugamation or solidity. 

In the case of steel this ia quite different, as the steel is run 
into pigs, and then a sufficient quantity of the pigs is melted, and 
tbe whole mn into an ingot ; Uie size of the mgot of course is 
T^ulated by the weight of shaft required to be forged from the 
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said ingot (sUoning for wasto). Ttis prooess, with oare, enmires a 
clean block of steel, on which the forgeman operates and draws- 
down his shaft. It is eeeential that the greateet care Ehould 
be taken in secuiiDg a sound ingot, for instance, with reliable firmsr 
such as Yickere', of Sheffield, and other good makers. The ingots 
are watched most carefully by reliable men, and should a report 
be given out whilst the ingot is cooling down, it is a sure sign that 
a fracture has taken place oy contraction in the ingot ; this being so 
the ingot is condemned, as it is certain a contraction crack cannot 
be hanunered together to ensure thorough amalgamation, and a 
sound forging. 

The risk in the manufacture of crank ^afts has been consider- 
ably reduced by the introduction of built shafts (thus dispensing- 
with the very heavy ingot and foiling). The built shaft, in 
my opinion, has great advantages over the solid forged shaft, as the 
parts are forged separately, thus making the forging perfectly re- 
liable. Th^isfore, having reliable forgings, the building of th& 
shafts depends entirely on nicety of -workmanship, the right amount 
of shrinkage to be ^owed, and the parts being bored and turned 
truly ; much has been said about keys in the webs and journals^ 
but in my opinion the whole depends upon the shrinkage, and that, 
if this is not right, keys are utterly useless. My experience alsa 
teaches me that for marine purix>ses all crank shafts which esceed 
twelve inches in diameter should be built ; and that, if this ooursd- 
were adopted, we should seldom hear of broken crank shafts. 

With regard to Mr. Manuel's remarks as to steel being used 
for propeller shafts, I quite agree that steel would deteriorate more 
rapidly by the churning action in the tube, and also by the sctioii 
of the brass Hners, unless the shaft was entirely cased over with 
brass, which is now in first-class work becoming general. 

The paper, put before us by the antbor, reflects the greatest 
credit upon him, as the many diagrams and specimens of tests put 
before us shew us the great amount of trouble be has taken in the 



MR. A. J. MAGINNIS' REMARKS-27M Jfay. 
Before making any remarks, I must egress the pleasure I 
have experienced in being present to hear such an interesting and 
instructive papei;, and being, perhaps, amongst one of the first who 
had to do with the question of the adoption, or rather re-introduc- 
tion of the built design of crank shaft for laige mul steamers. 



aloat fifteen jean a^, it is iutereEting to re-oall the very oonsider- 
aBe doubts and trouBles experienced, not only as to the design, but 
a^ as to the mere question of whether they ouzht to be adopted 
ai not, the almost universal desi^ then existing being the well 
kiown solid forged type. Messrs. Vickers made out a design, and 
ItJiiok you will agree with mo that it reSectf great credit on the 
gmtleman (Mr. Horshurgh, Sajjeriutending Engineer of the Wliite 
Star Line) who adopted a design which has since become almost 
tuiTersal for large steamers. 



As regards the propeller shafts, my own experience is almoBt 
idintioal with that so clearly put forward by Mr. Manuel, and Ihe- 
dificulty of casing propeUer shafts is oertainly very great indeed. 
I nay mention two coses which some time ago were fitted under 
mysuperintendencein twin screw steamers, of about 2,000 I.H.F., 
the shafts were not cased with brass but simply left lamer in the 
steiL-tube-bearings, whioh were of white metal (Fenton's); 
on each end of the bearings were packing glands, and a 
pipe led from the interior of the bearing to above the water line, 
BO that thick lubricating liquid could be permanently kept pressing 
into the bearing and thus prevent the water or corrosive action 
from getting, at the bearing proper, and this, I may add, has turned 
out a complete success, after some years' trial. 



MR. BARRINGER'S REMARKS--27M Jf-y. 

"With regard to fitting keys into the webs of built cranks, I 
think that it is very necessary to do eo ; for, although the webs- 
might never move whilst the shaft is cold, I have known a case 
where no keys were fitted and where the web did shift on account 
of a hot journal, but, on cooling down again, firmly gripped the 
shaft although shghtly out of position. As to tul end shafts, I am of 
opinion that it is Dad practice to lap the space between liners, as 1 
have known the lapping to get loose and cause trouble by jambing 
when drawing in the shaft to line ap the bushes. I may also 
mentioD I have seen a shaft when the brass liner was fitted in two 
pieces, where the water had cut into the iron for a distance of 1} 
inches all round at the point where the liners butted, although the 
joint seemed quite close, and it was only discovered when the 
liner was taken oS in order to straighten the shaft which had been 
bent by a hawser getting foul of the propeller. 
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MR. A. GIBBS* REMARKS-27(» May. 
I am ple&sed that Mr. Manuel has oome forwaid and given 
tie such au able Fapw ; there are only one or two things I sbcald 
like to say. Mr. Manael asks us to express our opinioii on oiter 
hearings ; I, for one, am of opinion that in moat oases where Iney 
are fitted the vessels would he bettra- without them- Mr. Manuel 
also referred to forging wrought iron shafts, and hammering tl.em 
when they were aunost oold. I should think there was nothing 
worse than that ; but often a shaft looks a little blaok when being 
finished under the hammer, although no doubt the oentre of the sliaft 
is very hot. I am rather siarpnsed that Mr. Manuel has not 
described to us what he considered the best possible way of preTenting 
corrosion taking place on the propeller shafts, just at the fonrard 
side of the boss or the large part of the cone. The 
"White Star steamers have s gland arrangement, and when the 
propeller is taken o£E, the shaft is as bright as a new shilling. lii 
my opinion propeller shafts covered from end to end with liners 
and having two or three joints in the stem tube are not a thorough 
job; and, unless the joints are perfect, the liners between me 
bearings would be better off, having only the usual amount of 
liners with the centre of the shaft bare. 

"When shrinking on liners they are hot, and when put on to 
the oold ehaft they gradually contract, and the oontraotion takes 
place from the end of the liner (lengthways) towards the oentre of 
the hners, and this leaves a small spaoe at each end ; this space is 
usually soldered up. I have often found this soldering bad, and 
pressed as it were a little full of the brass, if liners on a shaft 
were getting warm this is what would take place, and if the sea- 
water once gets in between the ends of the liners there is no telling 
what is taking place, and you cannot inspect it unless you take off 
the liners which is rather costly. 

Steel shafts are worse than iron shafts ; on the steel shafts the 
water acts more like a knife. I approve of the plan Mr. Manuel 
suggests, viz. — chamferring off the ends of the brass liners as 
mu^ as possible when the shaft is left hare in the oentre. 

Some years ago I saw two (12^ inch diameter) steel pro- 
peller shafts fitted, and they were not long in when they broke — 
one just abaft the after liner and one just forward of the aft«r 
liner — they looked as if they had been cut through. These shafts 
were token to the works and I broke one up to pieces with a ball, 
after cutting all round the shaft with a cold set, the shaft being 
plaoed on two strong supports, having the out in the oentre. When 
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the ball fell for the Beoond time the ahaf fc broke in two, not wheifr 
the out was, nor between the supports, but outside the supports. 
Soiie of the pieces of this shaft I had drawn out under the hammer 
to ibout a quarter- of -an-ineh Bcruare, and you could bend it about 
anj way- The shafts that had oeen taken out of the ship and had 
doie good work were only llj in. diameter and made of iron, I 
would only add there is nothing I would like better than a good 
at«Bl-built orank shaft, and, when working, to be kept free from 
see-water. 



, MR. D. GREER'S REMARKS-27(A iifay. 

My remarks will be but brief, and not, I am afraid, of maob 
impcHrtanoe. I have had oonsiderable experienoe iu dealing with tail 
end shafts and have found that with regard to putting on the hrasB 
linen, that it is much the better way to shrink them on ; forr 
although this is probably the more ooBtly method, I always fovmd 
a better casting and that the liner bad a better grip on the shaft. 



MR. JAS. ADAMSON'S REMARKS-2T(A Jfoy. 

I did not wish to rise and speak on this subject to-night, as I 
have observed several members, whom we cannot expect to be with 
ns very often, taking not«6, and whose experience it would be well 
to hear. 

I have proposed to the Chairman that another evening should 
be set apart for a further disoussion on the subject, which nas been 
so well brought before us to-night by Mr. Manuel. 

I have no doubt that there are those present who could give 
an interesting experience in Crank and Propeller, and probably 
also Intermediate Shafts, not onlv for the profit of tiioee who are 
present, but of those of our members who axe now tossing on the 
mighty deep. 

Having been called upon by the Chairman, I may remark on 
one or two oases of Propeller Shafts which have come under my 
notice, owing to trouble with the braes liners. In one steamer on 
the bomewud run, the whole of the lignum vitw beoriDg strips 
were torn out, the shaft was thus running for several days at 
reduoed speed without any bearing in the after end of the stem 
tube. ^Voen the shaft was drawn in dry dock, grooves were 
found to be ont into the shaft, at &6 junction of the miers, nearly 
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1 in. deep. la this caae the liners waie sliruiik on in tvo lengths, 
the water had entered at the junction of the two pieoee and had 
^rodu^y eaten aw^ the shaft, oaoeing the brass to heoome slaek 
and leading to the shaft itself being condemned. Soon after this, 
in another steamer fitted in the same style and about the same age 
when examined in dry dock, the shaft was found to be gime 
almost to the same extent and was also condemned, being reduoed 
below the margin of safety. 

There is oonmderable diSerenoe of opinion as to the best 
plan of dealing with the brass liners. I am inclined to think that 

the method of costing the brass on the shaft is preferable to 
shrinking the liners on. Great care, of course, must be exercised 
in the casting, that nothing may enter between the brass and the 
shaft to prevent the whole being a solid job. 

In reference to the proposal of a continued discussion, I 
would suggest Thursday or Friday next week, as may be 
'Convenient. 



MR. MANUEL'S REPLY.-STtA jf«y. 
Mr. Beldam has referred to the great care required in the 
manufacture of Bteel Shafts, and to the watohfulneee required when 
cooling, as the steel might give way in the centre with a crack that 
could be beard. I think, however, that the same thing applies to 
iron foi^ngs, for the two metals are much alike in this respect. 
A mass of iron or steel unless gradually and equally oooled down, 
is likely to give way in the centre, and I do not think that in any 
way goes against the use of steel ; it shows how carefully 
Mr. Beldam has given his attention to this detail. We are muoa 
indebted to Mr. Maginnis for the interesting remarks he has made, 
and also to the other gentlemen who have spoken. 

In regard to water getting between the cast iron of the hoes 
and the propeller shaft, very little trouble would be experienced if 
the Superintending Engineer, when inspecting these shafts, sees 
that the boss is a thorough fit on the shsit cone. A plan which I 
have found very successful, and which I should be inclined to 
repeat, is: — After the boss had been fitted to the shaft to bore 
two holes in the boss te the space round the shaft, and fill the Bpaoo 
up with tallow ; this, if done carefully, prevents Uie water — even if 
the shaft was not a very good fit — ^from getting to the shaft and so 



In regard to Mr. Adamson's proposal that the diBcuBsion be 
confjnued at the next meeting, I can only repeat what has alrsadj 
been said— the propoeal is a good one, as I consider this qnestion a 
most important one, and one upon which as many as possible should 
give their experience as veil as any suggestions which might tend 
to the efBciency and endurance of these shafts. We must bear in 
miDd also, that while we are exercising our minds in this direction 
it ii not labour that will be lost, it may be the means of saving life 
and property. "We do not think of this sometimes as we ought ; 
and I am sure if we were to go about our work with these views 
before us, the skill of Engineers in this and other countries wonld 
be the means of saving not only property, but life, and what can 
we do better ? I shall, if poBsible, endeavour to be present at the 
next meeting. I have to thank you for the manner in which you 
have received the Paper, and for the honour you have conferred 
npon me in electing me a Vice-President of the Institute. Ijet me 
add that it shall be my endeavour to do my utmost to promote the 
best interests of this Institute. Our thanks are due to those 
gentlemen who have brought us together, and who have succeeded 
so well in forming this Society of Marine flngineers, following 
the lines of the Institute of Naval Arohitects. Here we oaa 
discuss many important subjects, the effect of which will not only 
elevate our minds, hut fit us all the better for the discharge of 
those duties we are called to perform. 



CHAIRMAN'S REMARKS-2T<A Jf^. 

(Mr. J. M:cFAai.ANB Qut.) 
In rising to propose a vote of thanks to Mr. Manuel for hia 
very interestmg paper, I would just like to point out that it is of 
the utmost- importxmce that we should pay attention to the details 
of every accident which occurs on board a steamer. The breaking 
of a shaft is providential in the way of your education as 
Engineers. Clreat improvements have been made in shafts. By 
whom ? Not by you ; not by seagoing Engineers, so you ought 
to he grateful to those who have worked out these improvements 
for you and not be too proud to acknowledge how little you have 
done towards them. Marine engineers, however, have te do with 
BO much complication of machinery on hoard the steamship of to- 
day, that it surprises ma that more of them do not lose their 
heads or become incapable from heart disease while on duty. 

We are now, I believe, within measurable diatance of getting 
a steel twice as strong as that now used, and of great utiUty and 
cheapness, if there was only the demand for it. I have not been 
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so much amoQgBt; the practical part of the wwk of late years, and 
tiierefore, my information is somewhat second-hand, as compared 
■with Mr. Manuel's ; but I hope ere long to be able to visit 
BteamerB mors than I have, and to get out of lingineera all the 
information they will give me, perhaps more than they think they 
know themselves. 

We will continue the Discussion, as proposed, next week, and 
no doubt members will reoeiTe due notice when the evening ia 
fixed. 

I have also to thank you for electing me a Yice-Freeident of 
the Institute ; I take a deep interent in it, and wish it all s 
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CRAM AM) SCREW SHAFTING 

IN THE 



CHAIRMAN'S OPENING REMARKS- 

(Mr. JA8. ADAMSON). 

CtHlinued diiamion an 6lh June. 

In his absence I have been called to occupy the place whiob, 
much to his, and I may also eay our, regret, our Preeident ia unable 
to take, on aooount of being called out of town. In order to 
refresh our memories as to the most noteworthy points in the paper 
read by Mr. Manuel, who at some persons inconvenience, has 
Idndly oome to-night to hear the discussion and reply to what may 
be enquired — I ■wul give a few of the leading head^, some of whidi 
may serve as starting places for disousaion and remarks. 

Mr. Manuel retwred to the difficolty wbiob has frequently 
1>een experienced with steamers from the time of leaving the 
builders hands, such being indicative of insufiGcient bearing surface, 
diBproportion of metal in the blocks, or inaccuracy in originally 
lining off the shafting. As to the original lining off I would briefly 
refer to a good pracUoe adopted by Mr. Manuel mmsclf, and others, 
of marking eaon bearing block and having gauges made, so that 
at any time it can be seen at glance, how muun the shaft has fallen 
from its original bearing. 

I know one steamer of over 1,100 H.P. nbicb has giveii 
oonsiderable trouble, both with the main and thrust bearings ; the 
latter especially having veiy little surfece — only one ring =2l sq.ft. 
— required constant attention and a liberal supply of water 
to keep it working cool ; since outling certain oil grooves in the 
ring, it has been working better. 



The introdaotion of white metal has certainly been an improre- 
ment (for bearings) both in Fespeot to the general working and 

overhauling. 

I may inBtanoe one case vhere a serious flaw was developed in 
the after crank shaft — No. 4 bearing — the time at command being 
abort, in place of fitting the spare or a new shaft, the forward shaft 
was reveiBed with the after one so as to bring the flawed bearing 
forward, thus making it No. 1 — fortouately the shafts were revers- 
ible. This shaft is still working in tbis position, and illustrates 
Mr. Manuel's remark as to the strains on the respective shafts and 
bearings. 

I may mention the case of another steamer which has now 
been constantly running for over eight years, the main bearings 
of which have not been touched durmg that tame, and have given 
no trouble. 

The reference made to the very great increase of work and 
reeponsibility which have been added to the duties of the Chief 
^Engineer and his juniors, will meet with hearty response from 
many of those present, as with electric light, refrigerators, hydraulic 
and other engines, and the modem appliaiioes fitted with the high 
pressure steam, the engine room of to-day is very different from 
what it was a few years ago. 

The diagrams and samples, which by the kindness of Mr. 
Mannel, will be allowed to remain for closer inspection in the read- 
ing room for a few weeks, indicate the great interest taken by the 
author of the paper in the Institute and its members. The extra 
tests to which the stoel was subjected are very interesting. 

^Reference was made to the paper, read by Mr. Milton before 
the Institute of Naval Architects, in 18K1, in the discussion on 
which a remark made was repeated, and its value questioned 
by Mr. Manuel, much to the effect that all credit is due to the 
engine builders, when all goes well with the shafting, and dis- 
credit to those who have charge of the working of the shafting 
when anything goes wrong. 

There is a later paper by Mr. Hector MoGoll, read before the 
Institution of Engineers and Shipbuilders, in Scotland, session 
1886-7, which is very interesting, and full of information, and 
will amply repay perusal. The questions arising out of built ^afts 
are dealt with, as the shrinking in of the pins, and keying of same. 



In connection with this, I haye seen, reoentlj, one or two small 
shafts, in which the crank pins were turned up with two different 
sets of eentreB, i.e., the oentree used for the crank pin proper, being 
different from the centres used for turning the ends of the pin, 
which are shrunk into the webs; the object is to save pins or 
keys, and eDSure the crank pins against shifting. The names of the 
patentees I believe are H. and G-. £). Fownes ; the London 
UepresentatiTo is 3. H. Taylor. Fenohurch Avenue. 

lUgardiog the propeller shaft, there was one point, which wag 
hardly touched upon in the discuBsioD last evening, viz., the fitting 
on of the boss. I know one steamer which has given a great deal 
of trouble on account of the boss being slack, and having to be 
fitted further on the abaft and refitted nearly every voyage at con- 
siderable expense ; in this case my impression is that the boss was 
never a proper fit on the shaft originally, and the sea water getting 
in to t^e badly fitted part, gradually destroyed the oast iron, and 
rendered a good fit impossible. A new boss was fittod to the spare 
shaft in the workshop by Messrs Stewart, Blackwall, and since 
then no trouble has been experienoed. I may add the taper of the 
cone in this case was §rds in. to the foot, the metal of the 
boss had not been destroyed by over-beating in trying to get it 
«fE; it usually came off too easily. 



MR. SHOREY'S REMARKS-^* /»«'■ 

I should like to ask Mr. Manuel a few questions with regard 
lo fig. 13, which represents section of a broken shaft ; and wmoh, 
be informs us, was broken owing to extra finishing under the 
steam-hammer, fdeo the use of water during the process. 

Having witnessed the forging of several large shafts, also 
having had the job of turning some of them up, I cannot say that 
in my experience I have found that the outside of suob 
became contracted and closer grained, through the small quantity 
of water used in finishing oS the for^g. 

I was always, and still am, under the impression, that the 
little water thrown on the forging, when finishing, was to cause 
the scale to become loose and m^e, so that it coidd be swept oS 
tiith a broom and thus prevent such scale from flying o£F into the 
workmen's faces. 



It also appears to me that the oatetde oonld not become so 
cooled as stated oj Mr. Manuel in his paper ; as on suoh a mass of 
heated metal, the outside would almost immediately become the same 
temperature as the other heated part. 

When tnmii^ these shafts in the lathe, one has not found 
any perceptible di&renoe in the grain, after the first roughing out 
has been t^en off, altiiough in some instances a good bit has had 
to oome off ; yet, apparently, no diSerenoe in the grain could he 
Been between the fint and last out. 



MR. D. GREER'S REMARKS.-eth Jmf. 

I cannot qmte agree with Ur. Manuel's theory that the water 
thrown upon me shaft in process of forging had anything to do 
Tith tiie crystallization and corrosion near me surf aoe of the uiaft — 
section of which is represented on the diagram. It is my opinicm 
that the deterioration so frequently found between the propeller 
boss and after end of the Uner, is due solely to galvanic action, com- 
bined with the continuous vibration and consequent strain on this 
part of the shaft. I would ask Mr. Mannet, one or two questions 
in reference to this part of his paper : — 



i to whicK the bjlurs of thia shaft majr be 

"Whj ahonld tlie proceai of extra fl"!"!' pnt on tlie shaft by the foTKeinaii in 
order to make a smooth job, be lookeduponashmtfiu to thesoaftf 

I may ea^ I have seen one shaft lately which had been broken 
right off at this part by a barge striking the propeller, and that the 
broken part looked just like oast iron, and in this particular oase the 
surface was corroded slightly, probably less than ^ in. all ronnd. 
In speaking of built crank sh^t^, I agree that if they are properly 
proportioned, webs strong enough, and properly fitted, there is not 
much danger of their ever gethng slack, but at the same time it is 
a fact that some crank pins have become slack in the CQCank, as t6> 
ferred to at the discussion on the raevions evening. 
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MR. RUTHVEN'S REMARKS-*'* J""*. 

With regard to iron shafts and the prooess of finiBbing the 
sarfaoe known as " amithed," to show that it had some ments, I 
knew of a case 'where in a line of 7 in. shafting of ordinary make, 
a new length was supplied, turned out of a larger old Bliaft,Bo that 
nothing "but the oenbal portion was retained ; it was left about 8 in. 
dia., on a short voyage tae new 8 in. part broke. I oouclude from 
this that the " smithfld " portion of the old 7 in. shaft was of some 



Agtdn, referring to the faulty parts within a coupling, the 
inferenoe is that the nammer which was heavy enough for the main 

rrtions of the shaft, was too light for the extra diam. at oouplings. 
would suggest that as built orank shafts are so suooessful, built 
oouplings would give a good result Begarding the breaking of 
fihafta, mat must be expected after a number of reversals of the 
eoigine has taken plaioe, especially when done suddenly. I 
would suggest that a record be kept of the number of times the 
emgiue has oeen reversed, so that with a shaft of known material 
it might be oondemned when its life was ap, as is done with heavy 
ordnance. 

If this were done and imderstood by Navigating Officers, they 
•would know that when many and sudden reverses were made 
neosBsary, the life of the shaft was being quickly used up. 



MR. W. W. WILSON'S REMARKS-6M /n«. 

With regard to the opening remaika by the Chairman in which 
mention was made of a slack propeller, might I ask if in taking it 
off at first it had to be fired, as that probably might be the cause 
(rf it getting slack F Forlamof opinion that if it is necessary to fire 
a propeller and get it off, the tendency is to alter the shape, and 
omaequently the dobs would, in a manner of speaking, require to 
be refitted on the shaft to make a good sound job- Of course I 
nndfflvtaod that it is only in extreme cases that firing is resorted to, 
aad as I may infer from the chairman's remaric, the fault in the 
case cited, does not seon to be attributable to this cause ; it may 
have arisen from defective fitting caiginaUy, or a bad taper on the 
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MR. J. H. THOMSON'S REMARKS.-6(A /».«. 

It is Terr many years ago mnce Bailt Crank Shafts were 
introduced. I remember the trouble there used to be in the 
paddle ships with the orank pins getting loose, and I would like to 
aek if any of the memb^^ present have had any s imilar experience 
with the modem style of built shafta in screw stesmers, or whether 
the present system and superior workmanship have reduced the 
liability to get loose ; the only instanoe I noted was that given 
and referred to hy Mr. Samnger at the previous meeting, 
of a crank having moved three quarters of an inch on the 
dromnference of the shaft. 



In reference to the advisability of keying on the weba, or 
depending entirely on shrinkage, regarding which there seems 
oonsiderable diversity of opinion, I observe in the paper by 
Hr. MoColl, copy of which has been handed to me hy 
Mr. Adamson, there are several paragraphs dealing with tbu 
part of the subject, and as tbey are a propos of what has been 
touched upon, with your permisfflon I cannot do better than 
read them. 



" Sameprefernottoke; thecTHnkon tboBbaft, bntaa it is onite possible 
for the beat from & wnrm pin to pan ttirou|^ the ireba and slacken mem on 
Oie sbolt it ii aecetaaxj that thej be keyed, and a ^ood plan of doing so i« to 
bore one or two holei longitudioallf along the junction of shaft and crank, and 
to drive in well-fitted steel pirn." 



Before sitting down I would like to say that when I see bo 
many present whose experience I know to he considerable, and 
who have not so many opportunities of letting their Toioes be 
heard at our meetings together on account of their abeen oe on the 
sea, I hope some, at least, will give the benefit of their opinions, 
in addition to the pleasure they have ahready given in showing 
their appreciation of the Institute and its objects by their presence 
to-night 



MR. J. STEWART'S REMARKS-6(*/«~. 

I was trnfoitunate in not being present at the last meeting 
to hear the paper read bj Mr. Manuel, and therefore any observations 
I may have to make are suggested to me hy the remarks of tbe 
other speakers this evening. 



deferring to a case mentioned by the Oh^rman, in which trouble 
had beeo caused by the repeated loosening and necessary refitting 
of a propeller boss on the shaft, it would be interesting to know 
what amount of taper there was on this shaft, for this is a matter 
of some importanoe. Gases hare oome under my notice in 
whioh continued trouble waa caused by the boss workmg slightly 
forward on to the shaft, and consequently getting slaoK, neceeai- 
tating repeated tightening up of tne nut. The taper in these 
instanoes was about half-an-inoh te the foot, and that it was in« 
0nffioient, is proved hy the fact that sinoe the teper was increased no 
mch trouble has been experienced, and as far as I am aware, the 
taper about an inch to the foot haa always proved satisfoctery. 



One of the wall diagrams of a propeller shaft, Fig. 11, with 
linings at the bearings omy — suggests te me the question of lining 
the whole of the shaft inside the stem tube, as is now oustomaiy 
with some builders. The two systems have each their advantages 
and disadvant^ee, and I should like if Mr. Manuel would give us 
the benefit of his opinion aad experience in the matter. 



MR. J. SIMPSON'S REMARKS-«A A«. 

B^eiTing to the question of the propeller boss being a good or 
s bad fit on me cone of the shaft, I know one Firm which nas an 
excellent method of dealing with all their propellers. There is a 
mandril to which each boss is fitted and the shafts are accurately 
made to suit this mandril — where the steamers are all about the same 
dimensions or power — so that when a new shaft or boss is required, 
the mandril is always available for obtaining the dimensions as 
nearly as may be, and very much more accurately than by 
templets, the work of fitting the boss on the shaft cone itself, 
which is frequently a too hurried job in order to save time in Dry 
Dook, is thus minimiBed and more likely to be a good fit. 



MR. MANUEL'S REPLY, «« /««', isas. 
Ut. Adamsoa — after brmging before yoa some of the leadinr 
points in vaj Paper, read at the former Meeting — ^refers in oonolu£ 
ing his remarks, to the necessity of oarefuUj fitting the oone of the 
hose and shaft, in order to prevent damage and Texations delays in 
dry docks — refitting where this kind of work cannot be so well done 
as in a factory^ — ^and this is getting daily more important, for 
steamers to pay now, have to be kept oonstauUy at work. 

With regard to Uie taper of the oon being §rd of an inob to 
-the foot, |ths of an inch is the general prabtioe ; less taper may do, 
but the propeller having to be disconnected periodical^, the taper 
should have both holding and disooDnecting propwties. 

In reply to Mr. Shorey'e remai^ as to the damage done to the 
material of iron shafts by over finishing at the f oige under the 
steam hammer and the use of water, to give a dean and true 
forging for the purpose of keeping down the weight, and reduce 
the time ocoupied in machining ; I may again state, that this finieb- 
ing beii^ done at a lower heat than when foiging the shaft, and 
the blows given affecting only the material next oircumferenoe, as 
iibewn by a ring of fine grained metal in fig. No. 13, about an inoh- 
and-haU thick round the circumference ; whereas the lai^er and 
central part has the grain or drystals so laige, extending from that 
xing to the centre, the result of such a marked ineqotuity of the 
material must affect the strength of the abaft when under strain, 
the harder parts getting — through their unyeilding nature — ^more 
etaaiu than they can besf on the small area of ring, thus oausiiig 
fracture at the circumference, and when this is begun it is only a 
question of time before the shaft g^vee way. 

I would illustrate this by a small sketch whioh reia«eenta vrhot 
I witnessed while testing steel under strain, to discover the cause 
why a punched hole damaged steel plates, redntnng their strength 
as oompared with drilled holes SO"/,,, at the same tune its strength 
was restored by annealing the plate after punobing, shewing uat 
the material had not been torn by the punoh. 



o^ZI^L^~o 



>Straia 



A I found was a ring of metal hardened by oompiefflion of the 
pnneih, trying in ita depfb according to the thickness of the pkte. 
When the testing strain was put on the flpeoimen in the madune^ 
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&6 Botter and more ditotile metal marked B outside of the hard 
ling A Btretohed ; ring A held on, got the Btraiu, and was fractured, 
the n>e(nnien therefore failed 30 per cent, below vhat it would have 
etoodT if the hole was drilled and no hard ring. The remedy was 
found in annealing, but it would be difSoult to anneal a long shaft 
and I have never heard of such being done. 

As regards the use of the water it eeeme to reduce the temper- 
ature during the operation of finishing more than removing soale^ 
for the latter has been mostly removed beforehand when forging, 
the clcwe grained ring was caused by the hammer when fim^ingr 
the hardening was increased by the water temperature. 

The remed;^ for this : make the foldings rough, but strtught 
and fair, leave | in. to turn off at this part, avoid finiahin g to within 
% of an inch ; a shaft to stand fatigue well should be homogeneous 
throughout. I have to state that the water alone would not oause 
the nng of close grained iron as shewn in fig. 13, and replying- 
forther to Mr. GJieer's queries 1, 2 and 3, 1 have to state : — 

Qneiy I. I do think that the bacttue in this fiHaft wu caiued by Uiia thin 
haid ring giving mj at ma when under strain. 

Qtieiy 2. I do not know of any other <:aase to alter tho material aa ahewn ; 
the Bhaft was U^e tor the work, conaideTably abore the Board of Trade 
Rulea, and on examiiuition was aoUd and tree from dirt or lamination 
flawi. The fracture commeiiced at right angles to tho ahaft line on the 
drcninfeience. 

QoetT 3. I think my preriona explanation answers this alonv with the 
sketch fig. 13, the ring; of hard iron, insufficient toe the whole stnuu, 
fint trachirea, the tetoU ia the whole shatt goes in time. 

The remarks of Mr. Euthven bear out mr opinion as to the 
ezi8t«noe of inequality of material in shafts, me extent of which 
varies with the diameter and treatment the shaft receives ; with re- 
gard to the cavity in the fomog as shewn in a coupling fig. 14 ; 
thia was not caused by want of power in the steam burner but by 
contraction while ooollng, aiTniluT to that referred to in Mr. Beld- 
am's remarks on steel ingots. 

Id regard to the alternate stnuns brought on crank and other 
shafts by stopping and starting the engines suddenly, they no 
doubt in the end weaken the shafts, more especially iron shafts, 
where flaws taii laminations exist ; but I do not tliitilr it would do 
to lay down a hard and fast rule for the navigating officer, who on 
many occasions must act quickly and prevent collisions, &c. The 
engineer in charge must handle the engines with discretion, and 
wiui the powerful appliances he now has, he has time to do thia 
qnicMy, at the same time cautiously. 



32 , 

Mr Wilson calls our sttentioii to the risk of ftlteration of the 
Trare in a propeller boss by heating it in order to difioonnect it fnan 
ihe shaft. When this is carefullj done, I may say I have found 
no perceptible difference in the bore, the Bmall movement that is 
required to break contact of the surf aoee is but little ; the danger in 
thw operation arises mostly from the sudden oooHog of the boes^ 
causiog its fracture. 

Mr. Thompson reminds us of the trouble in earlier times 
through the orank pins getting loose, but the appliances then 
existing and the want of speoifu care in the fitting and in the 
choice of material in some measure aooount«d for this. 

Very great care is taken in procuring machines to turn the 
^afts perfectly true, and to bore out the eye of the crank, which is 
more difficult to do truly, but after boring, the bore is scraped up 
perfectly true to a gauge, so thit when heated and shrunk on to 
the shaft, it bears equally all over. 

In eight years' experience with built st«el shafts, I am pleased 
to say I have not found one slack or any ragns of it. 

Mr. Stewart raises the question of propeller bosses getting 
iilack on the screw shaft owing to insufScient taper. I cannot say this 
has been my experience, the usual taper of screw shaft cone is ^ths 
-of an in. to the foot and if a good fit and plenty of bearing surface in 
the boss there is httle chance of the screw getting sladc, want of 
bearing surface, eepeoially in the forward end of the boss, where 
the greatest strain comes, has in my experience led to the boss 
£ettmg slack on the shaft when there has been too much of the 
metal cored out in order to give ease in fitting. 

Lining the screw shaft all over with a solid liner would be an 
advantage, providing the engine makers would do this satisfactorily . 
I have seen much trouble caused and unnecessary expense by the 
careless fitting of the short liners we now have — the effects of hurried 
work, one of the greatest troubles sea-going Engineers have to con- 
tend with in these days of competition. 

I heartily agree with Mr. Simpson's remarks as to the use of a 
mandril or duphcate of the cone of screw shaft in trueing up the 
bore of a propculer boss ; if this is done and the boss carefuUy fitted 
-to the shaft afterwards, there is no fear of it getting slack. 

In conclusion I have to thank the different gentlemen who 
have taken part in the discussion of my paper, and for the practical 
and complete manner they have done so. I trust many sucu papers 
will be read and discussed here, for they will tend to advance the art 
of the Marine Engineer and the proficiency of the Merchant Service. 
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The Lajtgthobnb Booms, 

15 & 17, Broadway, 

Stkatford, 

Sep/ember 2nd, 1889. 

A Meeting of the iHsTirriTe of Marine Engineers waa 
"held here this evening at 8 o'clock, presided over by Mr. P. "W. 
Wymer. 

Mr. W. J. Craio read a paper entitled " BcienlHic TVi- Unities," 
specially for Junior Members, to whom the following pages are 
-commended as illuBtrating the interest taken in their welfare, and 
at the same time affording mental food, which, if well digested, 
will result lo much increase of intellectual power. 

It is well to have a recreation study, apart from the study of 
Heohanical and Engineering Soienoe, and one chosen from amongst 
those which have been referred to by Mr. Oraig, will amply repay 
any time and attention devoted to it. 

The advantages afforded by the Institute to its members are 
many, and these we hope to see extended and added to month by 
month. Any volume not in the library, considered to be a desirable 
addition, will be added on a request being made in writing by two 
members, if not at once, as soon as the funds admit. 

The reading-room and library are open every evening bom 
5 — 10 for the use of members and friends introduced. 

Each member should enter his home address in the roll book 
as soon as convenient, if not already entered. 

Several experiments have been made with samples of coal on 
occasional eveniuf^ with the testing machine presented to the 
Institute by Mr. MoFarlane Gray. 

The General Business Meeting will be held on Friday, Nov. 
Jst, at 7 p.m. 

JAS. ADAMSON, 
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'SCIEiNTIFIC TRI-UNITIES." 



About the date of the paper read last session on " Pressure " 
by Mr. MoFarlane Gtraj, the CouDoil of this Institute were exercis- 
inc; theroBelTei very much about how to make the Institute servioe- 
able aud attractive to young men graduating in the trade and pro- 
fession of Engineering. 

This was not an outlying detail that happened (as it were) 
to fall within the soope of a general soheme, but waig always 
oonsidered a main essential feature in the formation of the Insti- 
tute, and as such was fully set forth in the Preliminary Circular 
and took a prominent place in the formulation of the " Articles 
of Cocetii ution " now happily ratified. The Institute has been 
registered with the approval of the Council of the Board of Trade; 
the Certificate ii granted by them as to a constitutional and com- 
mendable scheme, it is therefore worthy of youF best support to 
make it a poiter and a succeu. 

At this time also the Council was cheered and tnoouraged, 
not only by the sympathy of gentlemen in the front ranks of the 
«ngineeriDg profession, but (uso by their practical interest and 
sohd work. Tou have seen this exemplified in the cases of 
those who have occupied the chair, of those who have stood here 
before me, as well as of those on the present Session's Syllabus, 
whom we have yet to hear, 1 hope more will yet come and prove 
in this way that they are not of the sign-post class " who show the 
way but do not go themselves," thus encouraging us by their 
help in that which is already maiking the progress of the 
Institute, giving it a high character, and maintaining the Standard 
of its literature. 

lieferring you back to the time already indicated, those who 
had the pleasure of hearing Mr. J. McParlane Gray's paper (the 
reason I refer specially to it is because his remarks are mainly 
responsible for suggesting the ideas in this paper) will 



doubtless remember liis olosinff remarks addressed (as tliis paper 
is) to OUT yoimg men, in whicn he favoured us with some of his 
own early experiences, and an account of the episodes which 
marked tlie turning-points of his career, and came pretty close 
down t« some of our own experiences. 

These episodes suggested eometbing besides the moral that 
was 80 pointedly drawn from them by the speaker. What did they 
suggest to us? and to you Chraduates particularly? Waa it not 
something like this ; that handiwork qualified by application won 
for h i'n his first distinction in the shop, so " Am ' handiwork must 
have had speciaJl characteristics differing from and superior to that 
of his shop-mates. Therefore handiwork has characteristics, and 
in merely removing this axiom from a particular case to the status 
of a general principlej I think it will be equally obvious and accept- 
able to you all. 

The questions — What are the " Charaoteristios of handiwork, 
and how are they shown in practice P" are at the foundation of 
the present paper, and I thought would be suitable to our young 
men for working out. 

The title " Tri-unities " as the result of building on this foun- 
dation may or may not he justified; it will explain itself presently. 
There are details passing daily before you which you have only 
to collect and arrange in the form of an interesting paper ; such 
having been my aim, I trust to have your forbearance if I fail to 
put the result before you intelligently. 

The "characteristics of handiwork," I should say are 
the singular qualities exhibited in the finished product of a 
person's labour or manufacture, which distinguish it from that 
of other persons, and accordingly give it a distinctive character that 
is observed to be peculiar to that person's workmanship. The 
diaracteristic thus has origin in individuality and owes its formation 
to some principal feature, some powerful phase of disposition or 
constitution, something predominating that exercises a ruling ten- 
dency over physical and mechanical operations and impresses its 
stamp on these, conferring a diftinguishing mark or qualification 
on everything done and particularly obvious on anything made or 
operated upon. 

To illustrate this take as example a person's writing. Ton are 
all well aware of the wide dissimilarities that distinguish the art of 
coligraphy, and though in common daily practice to the extent 
almost of universality you will scarcely find two who write alike, it 
is in this and such as this that we find a proof of our deductions on 
this subject. In his writing it is marked or recorded by each one 



in hiB own partdoular manner, whiob to otbere ooquainted with 
Lim— observant of his style and peculiarities, or his way of execut- 
ing his work — becomes as it were a sort of trade mark of in- 
dividuality by which he is known and identified by them even 
when he is not present. It grows into a natural connectioD with 
him in their minds, and tiius becomes disseminated through them 
to others who have never seen him ; his writing, productions or 
work is recognised hy them as his and inseparably connected with 
his name, perhaps long after he has ceased to exist, according to 
the merit or exoellence of his oharacteristios. 

Notable examples will readily occur to you in the 
names of Burns, Shakespeare and Bunyan in the Literary world, 
Newton and Galileo iu the Scientific world, Trevithick, Newcomen 
and Watt in our ovrn profession, with Caxton, Bowland Hill, and 
a host of others made immortal by the " characteristics of their 
handiwork." 

Other instances we have in which the handiwork of an expert 
workman bears his impress so clearly as to be unmistakabla, 
«ven for centuries ; such we find in cathedrals or great national 
«difioes, extending even to the perishable work of aiiists, as 
the paintings of an Angelo, or the still more familiar instance 
of the violins of Stradivarius ; these by virtue of their excellence 
of handiwork are valued at a King's ransom now-a-days. 

This same principle we find extensively in our dtuly surround- 
ings as a manufacturing and commercial people, depending for our 
existence upon the work of our hands, and desirinfi: to profit by 
the result. In the case of a speciality, whioh we find associated 
with a name, or firm, for the purpose of identifying or partioulariz* 
ing it among others, the object is to reap the benefit of a particular 
handiwork, and we see its exclusive character fully developed, when 
in addition it is placed under protection of oar Patent Laws, whioh 
were framed for the very purpose of securing to individuals the 
benefits accruing from their own handiwork, having special charao- 
t^istire entithng it to claim a place there. Aa a remit of alt thia 
we art fioodfd with proofs that handiwork has characteristics, and 
that we would do well to cultivate them. I will illustrate this 
in a way you will readily understand, viz : — It is quite commoo 
to hear remarks indicative of the characteristics of diuerent Pirm's 
Engines, so also of valve-gear, feed heater, forced draught system, 
pumps, and bo on ; each recognised by make, arrangement, or other 
peouUarities, extending even to the minutest details ; there are 
many other instances of ordinary occurrence. — A visit of 
congratulation to a familiar member on his arrival, or on his 
promotion to a greater I.H.F., or better still, his new steamer, as 



affording more scope for friendly oritisisma in the character of the 
fittings and construction. Ab 7011 walk round the platform, a peep 
under a lifted cover revealB a " Buckley's Piston," the presenoe of 
which does not surprise tou, and its merits engages you hoth 
oolloquially until a recognition of another famihat arrangement 
facing you in a snug, airy comer of the casing all by itself coauges 
the subject to a mutual approval of the " Maginnis' Steering Gear 
and Engine." — A look into the well appointed store room ; and 
you notice with satiafaotion everything in order and in its place, 
with spare gear, acoessihle and available for instant service ; in 
doing so, joTi observe a regularly graduated series of corrugated 
discs outhned against the bulkhead, and you are at once aware 
the engine is fitted with " Beldam's Metiulic Yalvea," and pick- 
ing up a scrap cutting of material ^m the locker as you emerge 
into the better light of the engine-room sky-light, you recognise 
the same Firm's " Metallic Packing." 

These are only several illustrations of the recognition of 
handiwork, by and through its characteristics, and these I have 
selected from many we are pleased to find withm the family circle 
of our membership. 

As to the commercial and financial value of special chsraotei^ 
istics, I cannot prove tliis better than by reading an extract from 
the Evening Jfevs and Post of this date, pubufihed only a few 
hours ago, and referring to the value of " Patents," as follows : — 

EvEMiNO News asd Post of Monday, 2nd September. 
PATENTS. 



The Government ComnuwaDer of PatentB eatimstet " that trom dx toMven. 
iOfbia of the entire manufacturing capital of the United fitatei, or lix thoutand 
millionB of dollara |£120,0(JO,000 aterlin^) is directly or indirectly baaed npOD 
Patents." A calculation of the same kind in this conntiy roveala a sSU more 
■nrpriaing resnlt, the capital invested beisg eDormooa. It has been computed that 
Siemen'B inveatioDS have prodnced more than five millions sterlinf, and have 
indiroctlif benefited the poor of this country largely, hy oi«aling new industries, m- 
by reriviug flagging onaa. 

Lord BroDgham often Mid that he would gladly have exchanged his honoun 
and emolumonta for the profits and lenown of the inventor of the penunboUtor et 
sewing machine- 
Howe, the originator of this invention, derived the princely fortune of £1 00,(KW 
a year from it, and , trom tlieir mechanical improvementa, the celebrated Wheeltt 
and Wilson are reputed to have divided for many years an income of £200,000 i 
while the author of the Singer lewing machine left at his decease nearly £3,000,000 



sterling. "More money," Bays a well-known writer, "has been and always can 
be made oat of pattented inventiona than by any other investment or oocupadon." 
The telephone, the planing machine, and the rubber patents realised many millions, 
while the simple idea of heating the blast in iron smelting increased the wealth of 



the country by hundreds of million 
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uut«ad of ponUel, w u to more tamlj St the tocket, made the pnMnt 

.inoss of a woU-known firm of London chandlora. Tha " Drive Wdl " 

waa an idea of Colonel Qreen, whoae troopa during the war were in want of witer. 
He wnceiTod the notioa of driving a two-incli tnbe into the ground until water was 
reatjied and then attadiiiig a pnmp. This simple contrivance wa« patented, and the 
tena of thooaands of tarmera who have adopted it, have been obligW to pay him a 
royalty, ettimated at £600,000. A large fortune was realiaed by the invenUir who 
patented the idea of tnaHtig umbrellaa out ol alpaca instead of ringham, and the 
patentee of the improvod " Paragon P^ame " (Samuel Fox) lately left by will 
j^l70,D00ont of Uie profits of the ioventioa. 

I now oome to the Becond section of the subject, having 
defined what the " oharaoteriBtica of handiwork " are, we will now 
oonmder how they are shewn, made apparent, or applied, in science 
and practice. 

In looking up all the highest authorities, modem, mediGeval 
and ancient, as in courtesy to you and in duty to my subject I was 
bound to do with the utmost oare, for the beat and most pertinent 
illustrations in confirmation of the principles involved in the subject, 
or aids to its better understanding, I found, much to vay Burprise, 
that they were bo numerous and aboundjng, and had auon an 
enormous soope that I was made to feel at this stage of the prepara- 
tion of the paper, that there was plenty of material to justify my 
entertaining uie idea of taking on a contract for the whole series 
^ Papers for the Session. 

I have not strayed far from my intention except in starting, 
and as this is the first paper dealing with jirat principles, 
on the first night of the aeesion, the first addressed 
apedally to our young men, we may be held excused if, 
for the sake of a proper start, we have to refer to the 
" Primary " soienoes m which there is so much to interest us. 
After progressing so far with this Paper, I thought it well to 
change the title. Such a change as this may have been within tiie 
experience of you young engineers, in the course of your dally 
work. Doubtless you have had a rough casting or forging dumped 
beside your bench, presently the shop foreman comes with 
a plan or sketch and gives you explanations of it, sets it ofi, with 
instructions how best to manipulate this rough forging into a finished 
piece of mechanism. You proceed through all the various prooesBea 
of chipping, file-shoving, turning, etc., persumably with all the 
intelligence at your command, bent on properly interpreting the 
plan, gauge, sizes, etc., until you have completed the whole work 
of prepanng this rough piece of iron and turning it out of your 
hand as a finished piece oi meohamsm, or perhaps, as the case may 
be, the foreman might call it by the less dignified title of scrap iron. 

Xhis may serve to expltun how the name of a ^ng 
becomes changed, and genially in the course of prepara- 
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tioD. It so happened in my case, with this difference, that I was 
made to feel tnat it was by far tho beat way to arrive at the 
Boundeat conclusion, bo much so that at this point the anbjeot itself 
(though in no way departed from throughout) waa completely 
orer-shadowed by the subject-title the paper now bears, viz : — 
"Scientific Tri-unities," the oonnection between which and tha- 
" Characteristics of Handiwork " is so very close and strong, that I 
hope to be juati£ed in considering that any other title would have- 
been misleading. 

I will now proceed to shew the connection : — 
In the first plaoe what is a tri-unUy, the word itself is a oom' 
pound one, derived from two Latin roots, viz , (res, signifying three 
and unus meaning one, therfore a tri-imity is literally what the- 
simple sense of the translation implies, a three-one-ity (so to speak) 
and signifies a thing, one thing that has or bears a three-fold 
character, each distinct and separate, but when combined make 
up one grand oonsistent whole. 

To illustrate this simply, you are met here to night as an 
audience to hear a Paper read (a unity in one capacity). I ank 
here to read the paper (a unity in another and rather more 
questionable capacity), and our esteemed chairman is here presid- 
ing over us (a unity of a third distinot capacity) ; there axe thus 
three units, aU combined together for the one grandpurpose of 
forwarding the interests of the " Institute of Marine Engineers. "■ 
That is one tri-unity, but I daresay you will agree with me it 
is not a very scientific one. Another illustration oi tri-unity less 
complex than that, and beautiful in its simplicity is the flag of our 
country, the " Union Jack" There you have the three 
separate fl^ of the three countries of England, Scotland 
and Ireland, with their symbols in heraldry — the crosaes 
of St. George, St. Andrew and St. Patrick united and blended 
in one flag, the Union Jack, forming the National Flag of the 
United Kmgdom of Glreat Britian and Ireland (a tri-unity that holds 
good up till date at least). Well, these are ordinair tri-unities, 
and in dealing with them I came upon the scientific onee while 
searching the old authorities for suitable illustrations among the 
early mechanics and their historical feats of engineering, and waa 
successful in tracing them back to the deeds and datesof thePyramids. 
I was even further than that and in many curioua places 
hunting for tri-nnities. I waa down the fore peak of the 
Ark one night (in a dream) and, by the way, I tiiought I saw 
a job or two down there — at least things were not quite in 
accordance with Lloyd's Bules ; I oould see neither a sluioe valve 
in his collision bulkhead, nor a pump, but I said nothing about 
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it from sheer f oroe of habit, and partly out of reverenoe aod req>eot 
for the grand old shipbuilder, Noah, as he had left serertd 
tri-imities about loose and the fore peak hatch oS ; but I waa so 
disgusted at being unable to find the engine-room, that I woke up 
and found mTself in the choir with the midnight oil stOl burning 
and daylight full on. 

I got seTeral tri-unitiea there and at the Pyramida, bnt 
however Beduotire they might be to the author of a Faper who 
desired to take advantage of me opportunitieB afforded, of enlarg- 
ing upon a subject, unrottered hy oisagreeahle questions of faot, 
especially if he desired to get beyond tne chances of oontradiction 
at the discussion stage, I considered them not sufBciently satisfac- 
tory for the intelligence of this audience on the present occaaion, so 
I will not touch upon the tri-unitiea adorning the dates referred to 
but merely remark that I found them. 

I also found them earlier, and I will enlarge upon them, as I 
know they will oommend themselves to your understanding — not- 
withstaD<£ng the apparent paradox. I now speoially refer you to 
what is univereally admitted to be the biggest bit of engineering 
known in history (aooient or modem), I mean the " Creation of the 
rrorld." 

In a piece of handiwork of snoh vast magnitude and im- 
portance as the Creation of the world, we even find " Tri^unities," 
clear and palpable in form, and in the front rank of first [ninciples. 
Can this be accounted for, and placed within the category of 
" Gharaoteristics ?" If it is really neeesaary that I should make 
manifest the connection between " Tri-unitiea " and the 
" Characteiistics of Handiwork " which I previously described as 
being close and strong), I shall do so now, and in the briefest 
possible manner. I shaU merely indicate regarding the personalty 
of tiie Designer and Creator of the World, that we know, on Hus 
own indubitable authority, that the principal and distinguishing 
characteristic, permitted to be known to us mortals, is His Triune 
nature, and would draw your attention to the remarkable similarity of 
oharacterietics between the Creator and the created, the Designer and 
Hia handiwork. The latter hears the triune characteristic, qualifica- 
tion or refiection. through all the essential principals, laws and 
features of created Nature, extending down through its several 
sciences to the professions and operations more or less under the 
influence of the wiU and neoessities of human agency, even to the 
minutest details, where principles are involved, and this appears 
the more remarkable the doaer it is studied. 

Xjet us look at some proof examples of this theoiy, and see 
how far and how wdl the generally accepted Laws of Nature and 
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of Soience [bear this out. Starting at the initial operations in 
Nature — apart from the many ■conflicting theories regarding 
same, some of which are, however, rich in triunities — and tuing as 
authority the most ancient of books, as indicated in the first chap- 
ter of Genesis we find " Triunity " in evidence by the creation of 
the world on the third day, or period of time, and that even, 
prior to this event, Trinnity is illustrated by the trio of indispens- 
able operations necessary and preparatory for the world's creation, 
and so stated therein also viz., : 1st " universal darkness was dis- 
pelled " ; 2nd " light was created " ; and 3rd " the firmament was 
set." 

Then other important triunities follow here in quick 
succession, bat I must pass from that era, as time wiU not permit 
of more than a selection from each by way of example and 
suggestion— the others will readily occur to you, or will be 
within easy eocess by reference — and leavine Ihis authority 
for that of the more modem scientists who all agree in 
informing us that the "earth's" position in the "planetary 
system," coming after " Mercury " and " Venus," is thii-d in 
distance from the sun— and so on, as continued under the headine 
ofi ■ 



As we began with the world's creation, let us follow it up. 

The World, our Earfk is principally composed of ihtee 
essential divisions, viz : — Land, the solid portion ; Wafer, the 
fluid portion; and Air, the lighter element surrounding and 
enveloping them both and forming the complete triune divisions of 
the world we live in, with all the necessaries in it of our existence. 
From the first portion we obtain the minerals that go to form 
materials of which our vessels and engines are constructed. From 
the third portion are obtained the essentials for the chemical 
proceseea of fusing and preparing them, and th^ other supplies the 
means of flotation and of communication for the completed struc- 
tures. From the lattw division also our profession of marine 
engineering mainly derives its great importance. 

But I am digressing (perhaps fn)m exousahle bios) and must 
return where we left off at the divisions of the Natu^ World, 
which next presents to us its Kingdoms for consideration. 

The Kingdoms of Nature, what are they? They are the 
sub-divisions of the previous triunity. 

How remarkable that this charaotenBtio should obtain in 
regular sequence (and lineage b» it were) from unity to division, 
from division to sub-division, and these all again divided and sub- 
divided to d^rees. 
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The KiDgdoma of Nature afford a beautiful (because 
nmple and obvious) illuBtratioii of our subject in tbe sub-dinsion 
of Birdi, Beasts and Fishes. 

The Elements of Natuie, anotber, in tbe unities of fire, 
Air, and Earth. 

I trust I do not require to explain even to our junior section 
(wbom it is understood I am direoUj addressing all along to-nigbt) 
that water is not an element. 

To put tbe matter brieHy and as beyond my authority, and in 
settlement of any doubt or impressiom, I now quote from Joseph 
Glyn's " Power of Water," at page 10, thus : — •' Water was long 
held to be one of the foub ekmmts, and a hundred years have not 
passed away sinoe it was proved that water is not a simple sub- 
stanoe, but compound as composed of oxygen and hydrogen," and 
be states further that " tbe idea of the four elements must now be 
treated only as a beautiful allegory, a subject on which artists, 
poets and sculptors may exennse their imagination and their skilL" 
So let the incipient poets of our practical profeseion beware in 
their entbusiastio moments and remember there is still left great 
scope for poetical sympathy — in this lowering of the dignity of their 
id^ from its exalted standard ae one of the Elements of Nature — 
with those who will be found to bewail its loss in the teetotal tfdion 
of our membwahip. 

I have now treated one tii-unity, from its souroe in direct 
lineage to its subnlivisiooa, through five generations from the Pre- 
paration for, the Creation, the Divimons, the Elements, and the 
Planetary position of our world. 

I now come to the second portion of this section, and going 
back to the Triuoity of Land, WatiT, and Air and taking 
the first unity — ^wbat ai« the principal divisions of land 
Oeographiiiaily, they are : ilounlaiiu. Valleys, and Plaint. 
Water (the next) and considered similaily, is represented by 
Oceans, Riwrs, and Lakes, Air, the subtle and aurrounding 
element being imponderable matter, can only be located geograpbio- 
ally by ita influence in its corresponding zones af tbe earm where 
it IS warm, temperate, or cold accordingly. All these will perhaps 
be considered as sufficiently illustrative of the " Charaotenstics of 
Handiwork " that are found within tbe realms governed more 
immediately by the great and unerring "Laws of Nature," and 
where they prinoipoDy mieht be expected to obtain and rule ; bat 
they ore found outside of that region in number quite as frequent, 
and in form as palpable. The latter instances verging on the 
borders of their aeveral Sciences will be oonaidered under thdr 
headings. Therefore, quitting the sphere of "Nature-governed" 
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Triunitira (so to speak), let us wander among these Soienoee, with 
their phenomena, tneir teaching, their tendencies, their dednctions, 
f ormnlffi and results, with tteix efEect on the practice of the pro- 
fessions founded on them, and demonstrated in the faith, facts 
prOTerbialisms and operations within the domain of ordinary life and 
daily work, more or less under the influence of human agency and 
will. 

Beginning with the Sciences, I may primarily indicate that 
they have a iriunai classification. 

The Sciences are divided into three general classes, viz. : — 
" Celmial Scunces," " Terrettial Sciences," and what is generally 
known as the " Social Sciencei." I need not here descant upon their 
sereral domains, as, if they are scarcely obvious, they will be made so 
in the course of the Paper, but I would merely mention with regard 
to the latter that are so-called because they are necessary, and in 
some instances indifipensable to man lor his investigation and 
enjoyment of the other two. A most reasonable distinction 
indeed, and without which this Paper would be sadly wanting in 
proof and detail of the theory put before yon for consideration 
and discussion. 

I will open with the science of Astroaomy, meanwhile i-e- 
marking that the more obvious the " Ti-iuiiitieit " appear the briefer 
will be my remarks, and the more obscure they seem to appear 
in some of the abstruse sciences, on account of tiieir being 
seldom in ordinary use or general study, I will endeavour to 
treat them more comprehensiTely, some (perhaps a good many) 
being beyond my own experience, will be autnoritively quoted 
and acknowledged acordingly. 

Of the " Celestial Sciences " then " Astronomy " is the first 
to which I would ask your attention. It is Uie study of the 
heavenly bodies, and treats of three principal features regarding 
them, VIZ. : — their size, distance, and motions. As to the bodies them- 
selves me art- oonfronteKl at onoe with the obvious tri-unity of the 
Sun, Mooii, and Stars, this one includes them all. Ag ftiti taking 
say the " Stars," of which there are three different kinds, viz., 
the " lixed Stars," — so-called because they keep the same position 
in Uie heavens relatively to each other — the " Planetary Stars " 
which revolve, or rather wsnder (as their name properly signifies) 
in regular orbits about the sun as centre of the solar system,* and 
" Comets," or erratic stare, which are sufficiently well understood 
as belonging to neither of the two former dasses, and mostly all 
that seems to be well understood about them la this distinction. 



The "Planetary aapects" most frequenfly alluded to, denoting 
their positions relative to one another are, the trio of Quadrature, 
Conjunction, and Opposition. Another Triunity I shall detail is 
the Laws that regidate the " Planetaiy Motions," called " Kepler's 
Laws," discovered by John Kepler, a celebrated German Astro- 
nomer of the 17th oentuiy, who thus won the title of the 
" Legidator of the Heavens, after the splendid discovOTy of this 
Tri-unity of Stellar Statutes, associated with his name* 

There are still more Triunities with which perhaps we are m<n« 
familiar, euch as the " motions of oiir own crazy old Planet, the 
Earth," — first, its diurnal revolution in 24 hours, constituting our 
day — second, its annual motion round the sun making our year— 
and third, the oscillation of its axis upon the plane of our Ecliptic, 
having its slight influence on the relative length of days and nights 
respectively. 

Excuse one more for its own sake; I now refw to the 
three well-known terms that express the ordinary and astronomio 
limits of this starry region, viz., the ^' fforixon," that hounds 
our vision on the plane of observation, the " Zenith " inune- 
diatoly overhead, and the " Ifadir " immediately underneath. 

The full power of this interesting trio is only brought oat 
when we do not fail to remember that, " every point on the 
surface of the earth has a Horizon, Zenith, and Nadir of its own, 
and that these again are oonstantjy varied in oharaoter by the 
continual motlcois of the earth." 

Hanging this astronomical wreath of sparkling tri-nnities on 
the Zenith to mark the progress we have mtue among the 
" twinkling constellations " tending to lure ns further than time 
permits to-night, and descending from this airy cloud-land, we 
alight on the more solid " terra firma " of our own Earth, and 
Otology, the soience that describes it, suggests itself at once. 
Oeology treats exclusively of the three general properties of the 
Earth, viz.; — its Site, Shape and Density. \Thi& is a fair beginning 
in the section of " Terrestrial Seiencet," and I may also inci- 
dentally mention here that our Earth is divided " geograpliioally " 
into tluree great continents, viz.: — The Eastern or European con- 
tinent, the Western or American, and the Southern or Australian 
oontinent.) 

* EBFLIb's L&WB — AiTBOHOlIT. 

Tint Late. — Tiia orbiti of the pUneta aie eUipasB hann^ one fociu in conuuon, uid 

in Out eommon focoa the Bun ia lituatea. 
Stamd law. — Tb« Buliua Vector ol a pUnet yumee oiez equal ueu in eqnal time*. 
Tkird Laic.^Tha aqnarea of the planets' tune* of i«*olntion Totmd the (un ■» 

proportioniil to the cnh«i of theii diitancai from Ihs lattet. 



18 

The Earth's Composition is furfher classified " geologically " 
BB follows, viz.: — Rocka, the mineral and solid portions ; efaya, 
sands, &o., the plaetio portions; riverx, lakes, oceans, &c., the fiuid 
portions. Take one of these for further analysis, say Bocks, 
geologists further clasufy them as follows, viz. : — 

1. "Aqueous" rocks {of sedimentaxy origin), so named 
because water plays the most important part in their formation. 

2. " Igneous " roots, in whioh fire was the principal agent, 
they having once heen in a state of fusion. 

3. " Melamorphic " rocks, which are crystalline. 

These are all "again" grouped according to their mode of 
origin, thus : — 

1. " Mechanically-formed" rocks, formed purely by mechani- 
ofd means from the ruins of previously existing rocks. — (Shale 
is an instance of this group.) 

2. " Organicallii-f rmed" rocks, consisting of accumulations 
of animal and vegetable remains (Coal is an instanoe.) 

3. " Chemicalli/- formed" rooks, produced by chemical means 
inNature's own I^aboratory. (Bock salt, gypsum, &o., are instances.) 

The times of formation (or ages) are divided into three great 
periods, viz.— The Faloeozoio, the Mezozoio, and the Cainozoio 
pwiode. 

Having now been for some time a visitor on the earth and 
explored its Geology and general ff atures, what would next afieot 
our consideration of it as a possible place of residence? Its climate. 
Well, this is embraced in the Science of Meteorology, which treats 
of the phenomena found in its (3) different zones — The " Toi-rid," 
the " lemperate" and the " Frigid " zones ; and the details of 
" phenomena " that occur in these regions, are meteorologically 
ouBsified, thus : — 

" Aerial " phenomena such as winds or hurricanes. 
'* Aqueous * „ comprising rain, fog, snow. 

" Luminous " „ as lightning, meteors, Ac. 

The first of this triunity for sub-division into three gives " con- 
stant" "periodical," and "variable Winds," representing " Trade 
Winds," "Monsoons," and the " Winds" of our own temperate 
climate, respectively in order. 

Now all these rather suggest the discomforts of life out-doors, 
and the consequent desire to get indoors, especially about lunch time, 
for the indispensable necessity of food. Food, then is the prinoipal 
section of the science of Eygiene, whioh informs us that the food of 
man is of (3) different kinds and for three difierent porpoeee (a sort 
of twin tri-miity this). 
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The Hygienic claiaification of the food of man runs thus, 
"Mineral," " Oarboniferoue," " NUrogmous" foodB, and may be 
classed as " Solvent," ^'- Heat Gieer"" and "Flesh Fbrm'irs" — all 
required as " ailmentary food " (this word aa used in Hygiene 
means " essential " or " indispensable "), examples of these are as 
follows, viz : — Starchet, Oaneine and Salts, 

After a luncheon of such tri-unities, we are perhaps inclined to 
thint the pleasures of life would be next in order, succetiling its 
comforts. What is to be the entertainment then ? Song — (very 
well). In the science of Music and the Province of Acoustics, or 
Bound. I need hardly remind you, here, that the poet has 
graphically informed us that " miMic hatU charms," and I am here 
Co-ni^ht to tell you it has its tri-unities also, viz : — Music is pro- 
duced by (3) effects, viz : — The Prodticfion, Propagation, andBejiec- 
tiott oi sound. The science of Acoustics (of which " Bounds" 
are the study) is itself only concerned to the triunal extent of 
their Production, Tranamt^tion and Comparison. 

There are only three difierent kinds of musical instruments, or 
arraogemeuts, severally and familiarly known as " Stringed " 
instruments, such as the violin or piano, " Iff'nf/" insinmients 
such as the organ, and those that emit music by Percussion, such 
aa a carillion of bells, musical glasses, or blocks of metal or wood 
struck by a hammer-like instrument. (I am not quite sure that 
the drum comes under this category, but perhaps the professional 
of the Institute, will strike this note dear in the discussiou stage.) 

In addition to all this, I may indicate that " Musical tones " 
have three leading properties in the science of Music, and these three 
we admire in its oest exponents, i.e., Pitch, Iniemity, and Quality, 
and when these three are combined in one Artist, we have to book 
early to hear him comforlably. (I have personally investigated 
the " Units " of music, and find they can be distinctly classified in 
the three comparative groups of good, middling, and execrable.) 

Let us now take a morning walk in the garden, where we wiU 
find in full bloom the beautiful productions resulting from the study 
of the Science of Botany — that Prince of the " Vigetabte Kingdom, 
to whom I previously promised, I would introduce you later on. 

Now I dare say those who would court this Vegetable Prince 
successfully within his own domain (even though it is only 
a back garden) know to their cost that digging is a matter of 
first principles there, and it seems to hold good also metaphori- 
cally — buried as it is among the technicalities of the Science of 
Botany. By virtue of a series of sore hacks, I might be supposed 
to have some slight knowledge of the eecrets of this Tri-unity in 
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the Vegetable Einedom, yet I ask you to accept a higher authority, 
that of Huttoo Balfoiir, Professor of Botany, from whom I quote 
&B follows, viz. : — " In arranging plants aocnrding to the natural 
system, tlie object is to bring together those which are allied in all 
essential points of struoture. It is called natural because it 
follows the system of Nature, and thus takes into aooount the true 
affinities of the Vegetable Kingdom on a comparison of all their 
organs. According to these general principles, the Natural System 
is founded, and wMdi is that adopted at Uie present day." 

The whole vegetable world is so classified then, as follows, and 
divided into three distinct classes, accordingly, viz., the Acoij/le- 
dononom plants, which have no ootyledona or seed-lobes, the 
Monocofyhlonout, which have only one, and the Dicotyledonoufi, 
with two or more cotyledons or seed-lobes, the latter generally called 
Polycotyledonous, as it includes those having many seed-lobes. 
Completing the tri-unity graphically and in a more familiar form 
I may say that the " Fern " family of plants represent the first, 
the " Orchid " family the second, and the " Rote " family the third ; 
specimens of each class are indigenous to Great Britain and also to 
that " Unity " of it called Scotland. 

The proverbial " Old Man " now comes to water the garden, so 
we must leave, as we have met the liquid in the previous tn-unity of 
Land, Water and Air. Is there auj^hing in water itself P There 
must be, as some good people pin their faith to it for veiy different 
reasons, I take it just now for its important contribution to our 
subject. 

How does water illustrate this ? In its three essential pro- 
perties, viz. : the ^uuf, the solid, and the aeriform state. (I oould 
scarcely afford to dispense with this watery tri-unity as I am sure 
it is 60 obvious and familiar to you all). 

But " water " has a further charm for me. The laws that 
govern its pressures, under the science of Hydrottattct we find are 
only three m number : — 

Mrat iaw.— Liquids subjected to Pressure transmit it un- 
diminished in all directions. 

Secotid Law. — Liquids influenced by (Gravity alome press in 
all directions. 

Third Late. — The Pressure of Liquids in every direction is 
proportioned to their depth. 

As some might be disposed to question the principles by 
which these fundamental Eulee, Laws and Properties are satis- 
factorily obtfdned and made manifest to the extent of general 
aooeptance, they might be answered to the effect that it is principally 
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due to an mteUigent and studious use of the opportunities that 
pertain and ooour within the range of the very simple idieaee of 
Optics, which primarily treats of the Eyes, then " what is visible 
to them," and third "the U^t or medium by which things are 
made visihle," Therefore " Liight " is the principle essential in 
the ecience of Optica. 

The eouroes of Light are very nearly the same a? those of 
Seat (which will be treated more fully in sequence, I need only 
indicate them here) ; they are the " Sun and Stan," also 
" Chemical," and " Mechanical " action. Then as rerards the first 
important propwty of Ltght, via., its " Power oj TrantmitsUm," 
bodies are divided into three classes, i.e ; — 

" Transparent " or such as aUow light to pass freely through 
them, as glass. 

" Translucent " or such as allow light to pass through them, 
but not freely, as ground glass, thin paper, or Horn. 

" Opaque " or such as do not allow light to pass through 
tbem, as wood, stone, or the metals. 

Next after " Tranamiaion " comes the second property of 
" Reflection." The " Great Laws of Reflected Light " are best 
investigated and explained by the aid of mirrors or lensea, of which 
there are only three kinds, the " Plane," the " Concp.x,*' and the 
" Concave "; the Ught reflected from them produces the three interest- 
ing optical effectsof the Bays of Light described as " parallel," " con- 
verging," and " divei^ng," which differ when produced by each 
of the different kinds of mirrors. 

From these are evolved the remarkable phenomena of the 
" Solar Spectrum," with its prismatic production of the primary 
colours, and more remarkable still that through the medium of the 
Solar Spectrum comes the distinct deSnition (as a contribution to 
general scientific knowledge from the branch Science of Optics), 
uiat every ray of ordinary sunlight has three (and only three) 
distinct properties, viz., " Brightneta," " Seal," and " Aciiniam" 
the meaning of actinism in this connection is " the power of 
producing chemical effects," and (as illustration) forms the basic 
principle of the art of the photograpber, and leaving these optical 
tri-umties in his care for development, our riaion will now be 
sufficiently clear to pass over the stepping-stones of the brook on 
(he borderlands of onr own particular unity in the Sciences, viz.. 
Mechanical Science. We find " Qeometry ' is located within this 
borderland, and rightly so, as he is a good and helpful neighbour. 

Geometrp is the science which treats of " Magnitudes." 
Theoretical Qeometiy treats of the propertieB of Magmtudaa and 
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Practical Geometry of their oonatraotion. 

There are three kinds of Macnitudes which have also one, two, 
and three dimensions reepeotively, viz. : — " Lines," " Surfaces," 
and " SoUdt," and may be represented bv diagrams. 

" Liiifs " are made up of an infinite number of points, 
" ^vrfacfS " of an infinite number of lines, and " t^'olidt " of an 
infinite number of surfaoes. Moat young gTaduat«s know of 
oouree what a line is and how many different kinds of "linet" there 
are ? The three different kinds are the " straight " line, the 
" curved" line, and the "spiral line; all other lines are oom- 
binatiouB of these (as shewn in Diagram). 

Although hnv» form the simplest element of this science, they 
are capable of demonstrating triune principles still further in their 
mmsttremetiijvhioh to be complete has three necessities, an i'fir/ii/ 
point, terminal point, and {iintance betireen ihem. A line has still 
three more oharacteristics, which give it all its importance in 
geometrical figures or diagrams, lineation (or conlmuanc) direction 
and poll lion. 

What properties has Surfaee, the second of the geometrical 
trio P Would we not be correct in speaking of its length, its 
breadth, and its conjigiiration or area P 

Solids are the third, regarding which it would be only plain 
commoD sense to describe their main cbaracteristics, as length, 
breadth and depth or thickness. 

While remembering that these are the fundamental principles 
which the icbok tlieore'ical fabric of our own particular division of the 
science is raised and regulated by, you will be led to perceive that 
arrangements, or combinations of lines, surfaces and solids gi to 
form a design, which brings us within the sphere of practical 
geometry as applied to oonstrucliye purposes. 

Ideas are represented in a Flan or design of a proposed Erec- 
tion, and to be fully serviceable for this purpose it requires to 
exhibit tht> three distinct essentials of vlan, elevation and section — 
these are the principal characteristics of a complete design. 

Proceeding int«lligently, our next step would be to test theo- 
retically the qualifications of the Design, its accuracy and fitness 
for its purpose of reproducing the structure correctly. This is 
principally effected by calculation, within the science of Arithmetic, 
mto which we might enter for a little. 

Arithmetic is one of those educational accomplishments that 
are freely referred to by incipient School Board candidates during 
election times, and so generaUy understood in this connection that 



it i-< raised to the diffnity of a proverbial expreaaioo, well-known 
as one of the " three ' E'». (A casual Tri-unity, which I can scarcely 
afford to take advantage of eeriously at present.) 

The leading elemontary exeroiBes in arittunetio are well within 
the experience oF graduates and you will recognise them as Additioa, 
Subtraction unti Mitl/iplicatum. Divition, as you know, being simply 
another method of subtraction, and as such does not find a place 
in some recent elementary books, one of nhioh dated L884, 
I now hold in my hand. These are the fundamental 
exercises, then, on which the others are based. If we go 
a little further we are confronted with the indispensible 
Ruh of " Three" the importance of which is irrefutable. If another 
proof is desired, and the key note of this paper is sounding round 
the figure 8, might we not expect to find something special or esoept- 
tional about the numeral itself? The figures 1, 3, 6, and 9 occupy 
tae principal positions of our numerical scale, 1 the unity of -l and 
the only one it is oupable of being divided into, occupies the premier 
and initial place, 9, its square, occupies the terminal position, itself 
and its double power tri-unity, 6, occupies the intermediate. 
Thus the principle positions of initial, intermediate and terminal 
importance in our numeral scale are held by its unity, its single 
and double, and triple power, && tri-unity. 

That its triple powOT haa special and important attributes I 
now wish to show you briefly, and I have prepared a diagram 
illustrating it. I have no doubt the seniors are acquainted with it, 
but it might interest the graduates. ' This peouliar power of our 
numeral tri-unity tripled (viz. : the figure 9) ie a property neither 
approached nor posaessed by any other figure in the numeral Boale,and 
ie largely taken advantage of and utilised by accountants and others 
dealing with extensive caloulatione, for the important purpose of 
cheeking their accuracy and is much depended on by them. 
There are others in connection with this science but (speaking 
in a graduate sense) it is time to part from the drawing office 
or theoretical department and oocept the promotion of a course 
through the shops, where its principlra are applied and we are early 
to-night into oontaot with the properties and application of the 
various mechanical powers. 

In the first place we must not forget that Mechanism is 
governed by certam well-defined principles, and has stated or 
prescribed functions to perform ; we will deal with the latter 
now that we are in the shop. What is the function of mechanism ? 
not the^Mfni/iyou know, hut the Tevvm»,ih.e particular function of 
mechanism. Is it not to receive, concentrate, and sppljf power? 
All these three, for the purpose of overcoming retiatance. In the 
• Dm addenda for illuatiation of this AdditioB, tjubtiaotioii and UulliplMHUun. 



simple mechanical povere themselvefi we are favoured witlt a 
remarkable infitance of ttrin tri-uniti'es, one member of wbiob is 
the tever, the tcheel and ajle, and the puUty, theee form what is 
known as the " Letter " Beries of powers, and the other member is 
the inclined plane, wedge, and screte, as the " Wedge " series. 
In further illustration, take of the former Beries, viz., the " Lever, " 
tbere are three distinctly different orders of the simple lever itself. 
A lever of th.Q _first order, has the fulcrum between the power and 
weight ; in the secomi order, the weight is between fulcrum and 
power ; and the ihiid order has the power between the wmght and 
the fulonun. 

Those are the powers and their kinds and orders, but how are 
they all servioeably requisitioned— principally by vheel-work which 
«nters more largely into mechanics than any other form or arran^- 
ment. The principal duties of wheel-work are three in number, viz., 
to receive, transmit and give dii-ectiou to the power they are ctiai)^ 
with, and this is eSeot«d in three different ways, viz., by friciioti of 
their circumferences, by bands, or by toothed gear, the latter being 
most extensively used, and of which there are again three distinct 
orders, vis., those with their teeth perpendicular to their axes, such 
as apur-trheela ; those with their teeth parallel to their axes such a 
crotai-tr/ieeie, and third, those with their teeth set at an angle such 
as bevel-itheel*. These then are the methods generally used for 
tranemittinf and directing power and motion whi^ Dome direct from 
tiie 80I7BCE OF MOTION, a more or less complex arrangement 
of the foregoing different parts and principles,. and situated con- 
veniently for producing the power and motion required. Itegarding 
this (the Engine) as an abstract sahjeot, you are well aware that 
oountless volumes have been written, and still they come. I am 
jrare we are all proud to belong to a profession that can awaken 
such an absorbing interest, and call forth such apparentiy 
limitless literalure, all centreing round the single word SNGINa. 
Our own syllabus testifies to all this and for fear of overlapping 
the province of the Papers indicated there, I will only give a few 
examples of tri-nnity (and that in first principles) here, — -beginning 
with the three principal kinds of steam engines, i.c., the >Erfrf or 
Stationary engines for manufacturing purposes, such as a shop's 
engine, ihem the Moving engines, sudi as Locomotives, and third 
Marine engines for propelling vessels. We have no ^s/ing or 
jumping machines yet, so you see there is great scope for you 
yonug grauduates. Again we have another tri-unity in the ooa- 
structive differences of tne olassses of steam engines, vis.: — 

The Low Presture engine, in which the steam is discharged 
at a i^^ure under that of the atmosphere. 

The Etgh Freimre, with its 8t«em discharged into and again-- 
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the pressure of the atmDSphere. 

The modem Compound engine too famiHarfor description here. 

But vhat is the use of engines without motion, the " breath of 
life " to machinary. 

notion. — In the proTince of Bynamioe; how many kinds of 
motion are there, and what and how many are its laws P 

There are three different kinds of motion, daesed as follows, 
thus : — Uniform, Accelerated and Retarded. 

Umf'irm motion, is that of a body whi(di moves over eqnfd 
Bpaces in equal times. 

Accelerated motion, that of a body whose velocity keeps in- 
creasing as it moves. 

Seiarded motion, that of a body whose velocity diminishes 
as it moves. 

By deep investigation into the prinoiples of motion, Newton 
dificorered me great estahhshed laws which govern it, and they 
are Tri-»mity also, and I quote them seriatum ; — 

I\r8t Laic. — Every body continues in its state of reet or oi 
uniform motion in a straight line, unless acted on by some external 
force to change that state. 

Second L die. — Changeof motion is proportional to the impressed 
force, and takes phice in tb§ direction of tne straight line in which 
the force ade. 

Third lau.. — Reaction is always equal to action, and opposite 
to it in direction. 

It was this third law (the law of reaction), that upset the 
theory of the engineering genius of tbe early navigation days, who 
was exercised to invent a propelling power for venaelu in calms, and 
carried it out to the full scale of practice by actually fitting up on 
the poop a huge bellows to blow into the sail, so tbat he would 
always have a fair wind. 

It would'nt ht4m however, and he could'nt tell why till he 
wont home in the evening, when his veiy sensible lady told him 
that he might as well have tried to jump up to the garret by pull- 
ing at tbe straps of his boots. 

As it is in sequence, I may as well nve a passing reference to 
another kind of motion, which has laws of its own, I refer to pendu- 
lum motion or vibration, they are also three in number. First : 
Pendulum vibrations are performed in the samu time whether 
it moves through longer or shorter arcs. Second : Vibrations of 

Sndulums of different lengths are performed in different times, and 
e lengths are proportional to the squares of their times of vibra- 
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tiOD. Third Law : '^brationfl of the same pendnluin are not p^ 
formed in the same time, at all parts of the eu^'s surfaoe, but 
being operated od by another great law in oature, diffar aocoidiog 
to its diataooe from the earth's centre. 

The great law of nature juet referred to is gravitation, which 
is itself distinguished by a tri-unity of established principles in its 
operations, thus : — 

First : Gravitation aota instantaneously. 

Seoond : Gravitation is not lessened by the interposition of 
any substance. 

Third : Gravitation is entirely independent of the nature of 
" matter." 

As we might unoonaoiously be led into subjects allied to this 
by going further in this direction, it might interfere with the soope 
of a Paper I notice on the Syllabus, and which we have yet to 
hear, and as our friend (Ur. Bowthom) might be desirous of 
traatang it more or less teobmcaUv, I had better keep about the 
shop where we left off without ascertaining the fot'ces that actuate 
the machinery there, or their s'lurces. 

Force. — In the province of statics ; the siitinoe of Mechanics 
does not consider the nature of forces, but tieats only of the 
properties common to all. Foivfs from different eourocs, however, 
may be compared with one another, and are thus capable of being 
determined by numerical valuarion ; and I have only to mention 
the three principles of Force, when this will be clear — Ist. Its 
intetwit!/; iai. ThB powt of trppticafim ; 3rd. The rfimrfiow. 

While it is a well-known fact that Aeal is a t<mtve of 
mechanical force or action, it is equally familiar that mechanical 
action is a source of heat. 

" Heat," as an agent, was evolved in three ways in the primi- 
tive ages, as when the rude Indian obtaiued it from the rays of tnesun 
or (when it was not shining) by " friction " (rubbing pieces of dried 
wood) or third by "percussion," striking metallic flmta together) 
BO in this way beat was obtained by " striking," as a source of 
mechanical action ; but this, by the way, has ao obverse too, the 
present deph'rable circumstances forcibly exemplifying that *' Stiik- 
ing is a source of complete mechanical inaction also "* but which 
we trust will soon be got over by the judicious exercise oi the tri- 
onity of moral " Gtraoes," " Faith " on the one side, " Hope " on the 
other and " Charity " on both, but especially on the part of the 
public generally. 

•.AUadiiig to Um lireat Strike M the London DoSu. 



We have improved upon the Souroes of Heat in these modem 
days and clasBify their ongin aa " Mechanical," " Phyeioal," and 
" Chemioal," a familiar trio, I dare say. Having ascertained the 
Sources of Heat let ua examine its properties, which again 
take the form of tri-unity, hut red-hot this tune and very 
convincing. The first illustrates " Conduction" as when heat 
pafises from odb particle of a hody to another in contact with 
it (one end of the poker in the fire, the otiier end heoomes 
heated by conduction). " fonvc/ion," as when heat is conveyed 
by the actual motion of some particles of a body such as obtains 
in any form of boiler, the parliolee of water first heated ascend, 
carrying heat with them and diffuse it by conpefiion (or literally by 
being conveyed). This is usually demonstrated by means of the 
Florence Flask ; being of glass, thd action is observable through 
it The third (and last) property of heat is radiation, that 
is when it passes from one body to another, not in contact 
with it, leaping over the intervening space between them. A 
joint of meat placed before the &e is roasted by radiation. 
What be-nmes of it after that, is scarcely within tne proviooe 
of this Paper, unless yru may be interested in its oompositioD, 
which I take it is generally well within the intelligence of a 
graduate, as being Uan, fat and bone principally. There are 
many tri-unities connected with roast meat that are extremely in- 
teresting to graduates. When a joint of meat is being k> warmed 
by radiation, what plulosophic deductions are to be drawn from it 
in a purely graduate sense P Taking my ttand upon personal 
experience, and whioh may be infiuencing most of us here at the 
late hour, I might ask does it not betoken the near approach 
of these triune blessings so dear to the soul of every graduate, viz.: 
Knocking-off-time, supper-time and led-time. 

This reminds us forcibly of the most important tri-uoity in this 
paper, (aa in many speeches), viz. : — Its thirdly and amcfution. 

Although much remains to be considered in the sciences I have 
mentioned, and in many others not touched upon here — all of 
them rich and radiant with appropriate illustrations of tri-unHy— 
1 have been careful to select examples from those only that wei« 
plain and familiar and readily understood without reference, if by 
doing so I have cramped or crippled the importance of the general 
subject, I trust at least that the object in view was evident, viz.: — 
The moral I desire our graduates to draw from &e paper (as in- 
dicated in the prefatory remarks) is to asaiduonBly cultivate a sincere 
desire to exoel in their great profession on every opportunity, asd 
to prepare themselves aooordingly by application, peneveranoe and 
thoroughness in practice, and tlieir handiwork will thus obtain a 
character that will enaUe them to stand behind tWr work and let 



it apeak for them, for eo surely ae this is done, as oertainly 
will it be made evident to those who desire to retain your aervices 
and avail themselves of their advantages. 

Thus precedence will be given by virtue of a " oharaoteristios 
of handiwork " and acceptance in the eyes of the great general 
triunity of superiort, inferiors, and eqitalt, while a further distmotion 
ae a " MedalHst " of the " Institute of Marine Engineers " awaits 
those whose " characteristics of handiwork " are in closest acoordanoe 
with the spirit of the old Latiu proverb, Omne trinum perfectum 
meaning, that " there is a tkree-foldness about all things perfect." 

MR. M. PRIOR'S REMARKS. 
I have listened with pleasure, and —at times where the Author 
has introduced his pleasantries — with Rome amusement, to the 
Paper just read on " Scientific Tri-unities," and I think we must 
all be very forcibly reminded of St. Patrick's visit to Ireland to 
demonstrate the "Tri-unity" of another subject, and llartin 
Tupper's remark in his Proverbial Philosophy " that there is a 
Tn-unity in all things," Although I am far from endorsing all 
that has been said by each individual member of this tri-unity, 
yet taking them in regard to time, as St, Patrick, Martin Tupper, 
and Mr. Craig, I can fully understand Mr. Craig saying that in 
writing on scientific subjects, the difficulty is not how to get 
matter sufficient for one paper, but how to give in one paper only 
a trace of some of the scientific questions. Therefore, I am not 
snrpriEed that Mr. Craig has not entered into any one particular 
scientific question, but has given, for the benefit of our junior 
members, what may be called a "preface" to the study of scientiHo 
subjects. Now any one who can turn the minds of the jimior 
members of the Institution to the study — ah ! and the love of 
science — may well be taken es a benefactor to them, for we can all 
be assured that there is no profession, trade or calling, in which a 
general scientific knowledge is not only tiseful, but necessary to an 
engineer, and more especially to a marine engineer, for he must 
have the brain to guide, in some instances, thousands of horse 
power, over thousands of miles of the earth's surface, when thou- 
sands of miles from land, and without any extra help in cases of 
emergency. Butwhetherwe study scientific subjects or not, we all 
have to act on scientific principles from the first. In reading one 
of the works of Mr. Fiazzi Smyth, the late Astronomer Soyal of 
Sootland, I was surprised at a statement therein made, viz., " that 
all science consists of obsnration and mfasurement." This is not a 
Tri-uni^. This statement seemed much too simple to be true, 
but taking it to be true, as I firmly believe it to be, every ohUd 
before it can walk is to a certun extent a soientiBt, for if yoQ plaofr 
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t alone on a chair it is atraid to fall off, showing, that it has- 
obterced the distanoe to the floor, and found the meamre too great 
for it to descend without help. We all have in ourselves the most 
wonderful soientifio arrangements with which we must act strictly 
in ttocordanoe ; hut, oonstantlj acting upon them, we seldom give 
much thought to them, and treat them as we are too apt to treat htrle 
things — ^with contempt. The least tilings are just as true to science, 
however, as the greatest. Taking only one instance to show how 
wonderful are the scientific arrangements of the Human hody, viz., 
the human voice. On the authority of Dr. Talmage, of BrookljTi, 
tiie human voice is capable of producing tfiventetin triliion sounds. 
Now it would be a nice calculation to find how many of the beet 
oonstruoted organs it would take to make that number of sounds ;. 
no doubt it would take millions of them. 

Mr. Craig alludes to the great discovery of Sir Isaac Newton ;. 
here I think a very good " Tn-unity " might have been made by 
taking Galileo's discovery of the earth's motion round the suUr 
Sir Isaac Newton's discovery of the attraction-of gravity, and the 
greatest discovery of the present age, viz., that energy, Hke matter, 
cannot be created and cannot be destroyed. Before sitting down 
I should like to ask Mr. Craig if he is correct with regard to the 
number of planets between the earth and the sun, for without 
taking the poor moon into consideration, except ad our despised 
eatelhte, another planet has, I think, been discoTered between 
Mercury and the Sun. 

MR. ROWE'S REMARKS. 

In the interest of the younger members of the profession 
whose minds are in a plastic state, I should like permission to make 
one or two remarks. In the first place I desire to compliment Hr. 
Craig upon tbe great diligence shown in his exhaustive paper ; 
and if young engineers would permit themselves to be influenced 
by so excellent an example, there would be fewer failures at ex- 
aminations resulting from carelessness and idleness. Many men, 
both young and old, believe that professional success is due to 
Buperiority of natural parts — to genius in fact. Well, no two minds 
are equally endowed, out eminent men with a large knowledge of 
human history, have perceived that the greatest leaders of thought,, 
and the grandest discoverers in science had, as a rule, shown no 
sign of their euperiority whilst at school, at college, or at university. 
Senior Wranglers, become as a rule, lost to the world, and to famcr 
as soon as the university is left behind. The strongest mind was 
that which unaided overcame the greatest difliculties ; and for pur- 
poses of discovery — of progress — it is desirable that some men 
should be to a great extent ignorant of and indifferent to authority. 



for then their miuda are ine to receive without oppomtion, the 
tesults which spring from experimeDt and logical reaEoniug. Most 
men pass the greater ]iart of a lifetime in oonqumog some errors 
leaint in youth. A century or two ago, children were taught by 
authority to believe that the sun revolved round the earth ; and 
generation after generaltoa of people (on the whole as good and 
nearly as intelligent aa ouiBelvee) accepted the teaching unquestion- 
ingly. May we not be living in a similar state * f ignorance with 
reg^ to questions of high import; the fatt is, all agee have been 
too ready to accept without verification the ipte dixit of preoeeding 
gen^tttioDS. lo saying that, I did not wish to inspire distrust of, 
and disrespect for tiie great minds whose teaching nave stood the 
test of centuries, and are stiU the admiration of t£e wise. I wish 
rather to bring the student face to face with the great original 
thinker (each in his sphere) and seek from him instruction and 
support. Middlemen are my aversion. In my opinion 'tis good 
to be honestly sceptical. Doubt once established gives rise to in- 
vestigation, and mvestigation experimental or otherwise, should 
lead to truth. Even should one's labours result in merely bringing 
one back to the starting point, the time will not have been wasted. 
The doubts, the experiments, the thoughtful conclusions arrived at, 
will have strengthened the mind, and prepared it for a clearer 
understanding of the problems yet beyond its ken. I would say 
to young men : — Pause, before uttering the words " I believe," let 
honest doubt be entertained, and whatever conclusion reason draws, 
accept it, whether it leads to emolument or penury ; but in an 
enlightened age, no courteous man is ostracised for respectfully 
difieiing from his neighbours. Sir Humphrey Davy, a scientific 
genius, and one who rose from the ranks to the proud distinction 
of President of the Royal Society, once spoke to those assembled 
88 follows : — " The grandeit, aa irell aa the moat correct vieica, 
are those that have been gained by minnte observation, and bii th* 
applicatum of all lite morf precise and accurate methods of science." 

I have complimented Mr. Craig upon the diligence he has 
shown, hut I am sceptical aa to the existence of some of his tri- 
unities. My own new of the tri-unity in nature is the trinity of 
mattei, force, mind. These exist pre-eminently in man in 
every form of animal life and are incorporated in eveiy physioal 
object by virtue of the iaas which govern phenomena. Law ia 
scientific thought in operation ; therefore, matter, though dissociated 
from life, exhibits the impress of mind, and reveals the trinity. 

With regard to Mr. Cnug's treatment of the question of 
<ireation, I entirely differ from him, and in as few words at poeaible 
I will explain myself, and hope that some of the younger members 



will in ooDclusion be led into a oourae of reading that wonld aSord 
pleasure as well as instruotion. 

CopemiooB, by study of Greek literature and reflection, 
accepted the Pythagorean system of the universe, and declared his 
belief that the sun (not the earth) was the centre of the solar 
system. Gtalileo demonstrated the oorreotneis of these views. 
Newton revealed the laws governiog the planetary pheaomena, 
and established the truth that the planets are to the sun what 
children physically are to their parents. Liplaoe's genius gave 
to the world the splendid conception tfaat the members of this 
family derived their being from a common source ; that sun, 
planets, and satellites were originally a homogenous mass of molten 
matter, whiob, though once amorphous, gradually acquired form 
and motion ; that the form was approximately that of a disc ; and 
the motion that of revolution. By d^rees — through long ages^ 
the periphery of this revolving disc cooled, and became separated 
from its main body, and by attraction and accretion formed a 
planet, the outermoai of the system. So suooessivt-ly with the ottter 
planets, thus creation began from without - not m>m the centre. 
We are not the third, as Mr. Craig had iuferred, but the sixth in 
order of creation, excluding the orbit of the asteroids. It 
might be said, " If Laplace's theory of creation were true, the 
earth, at the beginning of its life as a planet, must have been an 
incandescent mass, just as the sun is now ? It must also, one 
would think, have possessed then precisely the same elements that 
the sun possesses ?" Exactly so, and in beautiful confirmation of the 
theory, the geologist has revealed the fact that, at one time, the 
earth s inner layer of crust (its igneous rooks) was in a fluid state, 
and the astronomer, by the aid of the prism or spectroscope, is now 
able to afiBrm without the slightest fear of contradiction, that th& 
son and planets are built of the same material elements, and that 
all sre subject to oombustion and decay ; and, in conclusion, 
" stars iholl fade away, the snn himself 

Grow dim with age, and Nature sink in yean ; 

We shall atill flourish in immortal yoatb. 

Unhurt amid the war of elemento, 

The wreck of matter, and the craah of wtnlda !" 



MR. HAWTHORN'S REMARKS. 

I should not like to go away to-night without expressing the- 
extreme satisfaction and pleasure that I have derived from list^ing 
to the very instructive paper read by Mr. Craig. I am sure we 
must all coincide in one view, and uiat is the amount of trouble 
and labour entailed in getting such matter put together. I am 
perfectly sure that the self-imposed task has been a very pains- 
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taking one, and Mx. Craig has admirably succeeded in sliowlQg our 
JimioT members what a broad expansiTe field there is for soientifio 
research. I think that the paper we have listened to may he 
called perhaps a dissertation on science, and now that we have had 
the lead given ub we may go on quoting indefinitely " Scientific 
Tri-unities," and without going outside the Marine Engine Koom. 
We have 1st, the three ways in which heat may he conveyed, viz., 
JUdiation, Conduction, and Convection ; 2nd, Ebullition, Evapora- 
tion, and Condensation. Also the three strains, viz., Tension, 
Bending, and Shearing. The three motions that we aa Engineers 
are most conversant with, namely. Reciprocating, Botary, and 
Vibratory (or Oscillating), in fact there is no end to the 
ideas that Mr. Craig s paper gives birth to ; and as 
this paper was written more for our junioro members than 
ant one else, I am pleased to see so many present, and I am sure 
they must cordiallly thank him, and if they have received a little 
knowledge, and if Mr. Craig can only set them thinking in the 
right direction I am sore he will feel amply repaid. I am veiy 
plea£ed I managed to get here to-night. 



MR. JAS. ADAMSON'S REMARKS. 

In the Paper read hy Mr Craig we have the result of much 
labour and burning of tbe midnight oil ; our thanks are due to 
the writer for what he has brou^t forth for the benefit of the 
junior section of otir membership. 

I regret that we have not heard the voices of some of the 
younger members and graduates who are present, as the facts have 
been collated chiefly for them to think over and push their 
enquiries further than the threshold of one or other of the subjects 
to which attention has been invited. 

While examining and re-arranging some old papers one even- 
ing recently, it was my lot to meet with an Essay on " Eztemnl 
Perception," written some years ago ; in that Paper the line of 
reasoning led me to the conclusion that the knowledge gained by 
the eye was the most unreliable, and in order to gain reliable 
knowledge it was necessary to look below the surface of things, 
ponder over and study thom in all their bearing, I have 
Deen furnished by Mr. Craig, unwittingly, this evening with a 
good illustration of this. 

In the early part of the evening we were led to believe that a 
glance of the eye would reveal to us certain objects which we 
oould unhesitatingly name. A small model piston was held np to 
view and indicated as a " Characteristic of the Handiwork " of one 
of our Members:— a "Buckley" Piston. TheJunk Ring being now 
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lemoved, you will see at onoe that the piston is fitted with a "Commoa 
Pftoking Ring and Springs," and is, therafore, not a " Buckley " 
Piston, it m&y be useful to bear the lesson of this illustration in 
mind, although it is a pleoflantry, there is many a true word spoken in 
jeet. Be not content to obtain a superficial knowledge of thicgs visible 
or inviBible either, but go to the root of the matter, think for your- 
selves, and examine below the surface, taking nothing for grauteiJ, 
prove all things, and only hold fast that which is good, 

I have much pleasure in moving that a hearty vote of thanks 
be accorded to Mr. Craig for his paper. 



THE CHAIRMAN'S REMARKS. 
(Mb. p. W. Wtitbb.) 
I would like to follow up the remarks made by Mr. Adamson 
wh*'n proposing a vote of thanks, and give a few words of counsel 
to the junior members both those who are present and those who, 
though absent, may be privileged to read the paper given to the 
Institute by Mr. Craig — entreating them not to be in too great a 
hurry to run away to sea, hut to stick to the workshop for a year 
or two after they have served their apprenticeship and get a more 
thorough and practical knowledge of the marine engine in all its 
phases. It is a mistake to allow a young man just out of bis time 
to go to sea, it is bad for him and bad for the valuable machinery, 
luid I would advise them all to read Mr. Craig's paper carefully, as it 
will tend to engender a desire in them to go more thoroughly into 
the scientific part of their business as well as the practical. 



MR. CRAIG'S REPLY, 

It would be absurd for me to indicate that I am a votary of all 
the Sciences stepped over to-nigbt, hut I have been a most 
assiduous student of their elementary and general principles for 
the last month or two, aided considerably by the exceptional 
opportunities of reference afforded by the Public Libraries of this 
great City of London, and some ot their learned and couri-eous 
officials, to whose kind assistanoe I am indebted and whom I thank. 

Keferring to the discussion I must say that the kindly criticism 
of the Paper leaves me very little to say in reply. Mr. Itowe spoke 
of Laplace's theory of creation as differing from that in the Paper; 
this is only a general exception, and not a particular one, as I 
distinctly indicated that my reference to the genesis of creation 
was taken as recorded in the Book of Genesis itself, in which I 
found the Divisions referred to, iho findii^ of these anywhere 
being all I have to do with at present, and 1 thank my friend for 
the suggestion of Laplace's theory, as a possible hunting ground 
for more illustrations of Tri-unily. 



Mr. Prior hoA Dot dealt quite bo leniently "witli me, aa 
lie takee partioular exception to the astronomical fact of the 
" earth's positioD in the i^anetarj syetem as third in distance from 
the Snn,' and I see by ms assenting nod that I would he in order 
in referring to that point of his remarks. Knowing little or 
nothing of this partioular science personally, I find on referring to 
the text of the Paper that I used the word "all," meaning that 
all the authorities I searched aCTdcd on this particular point, and 
my own reference works (which I regret not having at hand here) 
axe " Oliver's Astronomy ' published so recently as 1888, where it 
is often stated, and specially tabulated as holding this rank among 
the eight major planets at page 1 19. " Natural Philosophy " also, 
hy Quackenhos, an American Work, published in 1866, and 
(page 375) confirmed by a reference to aU the standard authorities 
at my command ; I can scarcely step in where astronomers seem to 
differ, and 1 should have liked if Mr. Prior hod been able to quote 
or remember his authority, when the Institute might have settled 
the matter off-hand at this discussioD. I would like to have this 
information when convenient, for sake of notes on the point and 
further inquiry. 

The remarks on the Paprby Mr. Hawthorn, I think, indicate 
approval of the general object of the paper, also that its matter 
seems to improveby distance from the platform, with both of which 
I am very pleased indeed, and would only add that Mr. Hawthorn 
has caught the idea I held to be of considerable importance, 
viz.: — to shew there is great scope for thought and Hb resulting 
literature, which should t'ugage the consideration of our young 
friends somewhere between the elementary principles — mainly 
dealt with to-night — and the latest engineering biumphs, on which 
high-class Papers are looked for from the Semors, and we trust the 
Juniors will endeavour to cultivate their own special province in 
the wide field which hes between these. 

I am not sure that there is any other point for me to refer to 
^eeinlly in reply. I m^ just say generally that I would 
like it to be quite understood that I am not responsible in any way 
tor the theories, expositions or systems indicated or quoted in this 
Paper, nor do, I put them forward preferably or for discussion. 
I simply quoted them because they illustrated Tri-unities, and any 
standard or generally accepted theory, if supported by plain com- 
mon-sense, IS good enough for this object — not for the purpose 
of setting up a theory, but of simply calling attention to a 
wonderful pecularity. Some of you might consider the subject 
*>! Tn-unities sufficiently interesting to work them out to a greater 
extent than I have done in thia Paper, and in the doing of it you 



might oome across important essential matters. At first sight th? 
Tn-uniti6B may not Beem obvious, and in oase it might appear that 
I sliirked suoh as these to night, I will give you an inatanoe. The 
" senses," though they do not illustrata Tri-unity numerioally, yet 
otherwise tbej do so in a very marked manner, by their tir>t pria- 
cdples, which I have all along made the teat-gtiage of effioieooy for 
Tri-anity. The knowledge of the external worU, which the " five 
senses " are specially designed to convey to us, is due to the faculty 
of distii^uishing objects and the methods by which this is accom- 
plished by them, are of thrM difEerent kinds : — the " Sense of 
touch " with its organ " the skin "; the " Sense of taste " with its 
oi^n " the mouth," both acquiring the information fii/ contact ; 
the " Sense of hearing " with its oi^n " tlie ear ", the " Sense of 
seeing " with its organ " the eye,' both acquiring their informa- 
tion itithout cotitfict ; while the " Sense of smell " can better assist 
all the other senses by its peculiar oompouod faculty of acquiring 
its information hy fit her or both icaga. It would be a 
serious omission were I to close this Paper on " Charaoteristics of 
Handiwork" without a reference t" tne noblest of all created 
work — Man himself. The races of man are classified into three 
great groups, the " White," the " Black," and the " Bed," or 
copper coloured, and there is also a powerful illustration of 
Tri-unity exhibited in the three distinct separate nattures of iniin, 
•romati, and child. 

Eegarding the quotation from the Astronomer Royal " That 
all science eoDBista oi obtercation and twamirfuient," Mr. Prinr 
remarked (almost with regret, I thinki that it did not support the idea 
of Tri'unity. It is very fortunate that his usual lucidity did not 
forsake him in the matter of the illustration of the " infant 
scientist on the chair." In my opinion that infant is not only not 
a snentixt, but is not safe on that chair until he not only obwre-i 
and calculateB, but in addition completes the Tri-unity by carefully 
" exerciaing his Judgment " afterwards. By virtue of three distinct 
operations, which are alike indispensible to his safety on the chair, 
and his claim to the title of an " infant scientbt," the theory of 
Tri-unity is fully maintained and confirmed, while I am sure it 
will be as pleasing to Mr. Prior as to myself, that the illustration 
remains as serviceable as ever for his purpose of demonstrating the 
deductions of tibe Astronomer Royal in the cases of other than 
** tcienttfie infants" 

On further reference to Mr. Bowe's general remarks on the 
theory of Laplace, I found in my explorations amonr the Histories 
of Science, very few obvious illustrations of Tri-umty, such as I 



specially desired, and in the theoiy of Laplaoe, I was of opinion 
that they were too remote or obeoure for the initial stage of the 
Paper, and that the source of reference also were rather inaoceadble 
to juniors; Mr. Bowe has entirely dispelled this idea, by his 
Admirable way of touching on it at the disoussion stage, when we 
are beltt-r able to understtuid it. The reference to the Greatloa 
oocure eaxly in the Paper, and though I was unable to press the 
theory of Laplace into serrioe for my special purpose, I l^ve now 
my reward in being able to appreoiate it, from recent study of the 
whole subject. Mr Rowe in advancing the theory, or hypothesis 
-of Laplace, invited the attention of our younger members to it as 
a subject for their study and resulting benefit, remarking that 
it far transcends any other theoiy that has been put forward to 
explain the origin of oiu: earth, but it is only hypothesis after aE 
like that of the ancient writer of Genesis, unless the latter was 
only responsible to the extent of recording " legendary lore," and 
which, perhaps, may be imperfectly interpreted by the sense of 
our translation. I understand liiplace himself put his theory 
forward with much diffidence, but it unites so many apparently 
unconnected facts by a few simple and general laws, well-known 
to he in action, that it has every mark of probability to recom- 
mend it. It involves no invention of a new agency, and no 
assumption for the occasion of special laws to to suit the case, the 
only hypothetical part consists in the assumption of a oertain 
condition of things at a remote unknown period as Mr. Rowe has 
indicated, the theory harmonises with what would equally apply to 
the other planets as well as ours, and with the identity of smiilar 
chemical elements to that of our earth, as has been demonstrated 
by modem observations ia the science of " Celestial Physics." 
Jt was the work of Newton to discover the great " Laws of 
Gravitation," yet it was Laplace who has pointM out that these 
aame Laws assure the eternal stability of the Solar System, not- 
withstanding the threatening perturbations which occasionally 
affect the planetary orbits, and which he demonstrated to be in 
reality only slight oscillations about a mean position, as he him- 
self graphically puts it, " Immense pendulums of eternity which 
beat centuries as our pendulums beat seconds." And as Laplace 
found these laws to be efficient in the preservation of the syetem, 
so he conceived they might also have operated in its formation. 
The theory advanced by Laplace is thus only a probable hypothesis, 
and before accepting it, or mdeed any other, we must not forget 
what Mr. Bowe was careful to inculcate as to being honestly 
sceptical generally. There is another point I am honestly 
sceptical about, and that is where Mr. Kowe interprets me as 
Baying that the earth was third in the order of creation. I said 



tiliat "the earth was created on the third day, or period of time," 
and added that " three operations preoeeded this, so making it 
fonrth," while Lapla«e places it sisth. (Granting it to he so, 6 
\iears such a suspicioos relation to 3 that I may allow it to stand 
over for further investigation. Coming to the radiant tribute to 
the principle of Tri-unity, which Mr. Bowe reserved for the closing 
tableau of his remarks, where he lifted the curtain to the musical 
strains of thrilling Addisonian verse, revealing the Spirit of Tri- 
unity — triumphant ; and disclosing its muse, who has forestalled 
us in recording its praises in his own immortal stanzas — and now, 
amid the after-glow of such thrilling effects, I would — before 
relapsing into the silent oblivion of conclusion — express the hope 
that those constitutiDg the portentious "We," in those verses 
(the human race tri-unity of Men, Women, and Children) may in- 
clude all those whose welfare we desire, and who, when the (second) 
Tri-imity of Stars, Sun, and Sature are no more, shall still flourieli 
in immortal youth amid the (third) calamitous Tri-imity — elemental 
tcarfare, wreck of mailer, and crash of uorlJs. 
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ADDENDA, &o. 

* The usdemoted are the Rules referred to at Page 23, 
illuatrating the peculiar property aud power of the oumeral 9, 
when used as a test of accuracy ia oaloalatioiis. 
Addition. 



Rule. — Cast out nines from each of the Addenda (cross- 
wise), writing the " remaittders " only, to the right of the vertical 
line, as above, then add these " remainders " vorticallj, and oast out 
nines from same, also add (orosa-wise) the " answer " of the sum, 
cast out its niues, these remainders will agree if the summation is 
correct (leaving 8 as above) . 

SOBnUCTIOK. 



62961 I S 

Rule. — Cast out nines from eacb of the Addenda (cross-wise), 
writing the " remainders " only to the right of the vertical line, 
as above, then subtract the lower from the upper (if the upper is 
" leas" than the lower, aid 9 to the upper), the remainder should 
agree with that resulting from the cross-addition of the " answer " 
with the nines cast out, as 5 in above example, if the working is 
correct. 

MvLTII'UClTtOtl. 
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Rule. — Cast out nines from the (cross addition of) multiplier 
and multiplicand, and write the results (8 and 3) in the spaces 
right and left of a cross, as above, multiply the resulta (16) cast 
out nines, placing the remainder (7) in the upper space of the cross, 
as above — lastly, cast up nines from the cross-addition of the 
" answer " placing remainder in the lower space of the cross. — The 
figures in these upper and lower spaces will agree if the working is 
oorrect. 
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PREFACE. 



The Lanothorne Rooms, 

17 BEt04DW4T, 
StbaTPORD, 27lk September 1889. 

A meetings of the lastitute was held this eveDiagf, when the dis- 
cussion on Mr Bruce'a P&per on " Radial ValTQ-Oear," read the 24th 
September, was continued. 

The meeting on each occa»on was presided over by Mr Macfarlans 
Gray. 

The following pages contain a report of the proceedings and 
illustrations reduced from those exhibited on both evenings. 

The subject brought forward in this paper is not only of consider- 
able importance from a mechanical point of view, whether considered 
by engineers in their own interests, as reeponcable for introducing or 
working this or any gear out of the common run, or in the interest of 
steamship owners in addition, as responsible for recommending the 
adoption of any gear in view of giving more cargo carrying capacity, 
when first cost economy at the sacrifice of efficiency and sustained 
economy may be the result 

The subject is also of importance from an educational point of 
Tiew, as giving opportunities to the younger members of studying 
principles as well as results. 

It is probable, therefore, that another paper on Radial Valve-Gear 
may be given in the course of the current session. 

JAS. ADAMSON, 

Hon. Secretary. 
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MORTON'S 
PATENT EEVEESIHG TALTE-GEAE. 



Tbk revereing Talve-gear which I am about to describe is the inT6Dtx)ii 
of Mr Alexander Morton, whose name ie well known in connection 
with his invention of the "Ejector-Condenser," and wboee reeearchea 
in connection with valve motions of nunj types the writer was, aa 
a pnpil, twenty years ago, privileged to take part in. Mr Morton 
described the nature of this valve-^ear in a paper read by him before 
the Institute of Engineers and Shipbuilders in Scotland, 28th Novem- 
ber 1882. 

This system of reversing valve-gear is the outcome of many 
efforts on the part of the inventor to arrange a motion that shall 
impart to the slide-valve a regular movement in time with the 
reciprocatioiis of the piston, irrespective of the direction in which 
the engine may be working — i.«., while the [HBtoii moves to and from 
its central position in the cylinder, so the nonnal motion of the valve 
corresponds to the movements of tbe piston. It is intended to meet 
the necesutjes for a good valve-gear in regard to economical steam 
distribution, ease of handling the engines, either in full gear or when 
Imked up, with due regard to the desirability of reducing tbe weight, 
cost, and space occupied by marine engines generally ; while it is 
applicable to all types of reversing engines. 

I propose, by means of the diagrams and models, to explain to you 
the nature of Morton's system of valve-gear, and from these explana- 
tions and models you will gather that it bekings to a class of which 
there are many forms. Tbe original form, however, was published 
half-a-century ago, and consisted mainly in conveying the motion of 
the piston and the vibrations of an oscillating cylinder or connecting- 
rod by two distinct systems of levers, and combining them at a T 



shaft A coinpoutid of these two motions was thus imparted to the 
valve, but without an; attempt at Dnifonnity of motion or ease of 
hftDdUng the engines. 

Many engineera have engaged themselves in eSorts to simplify and 
improve the reversing mechanism of the steam engioe generally, 
b^inning with Pnnshon, of Blackwall (who was the first inventor of 
what is now called radial valve-gear), in 1839, the Hackworths in 1848 
and 1859, Wyllie and Gray (J. M'Farlane Gray) in 18G5, Snlzer in 
1675, Brown in 1676, Marshall in 1879, David Joy in the same year, 
and Morton in 1682, with others between and subsequently, but all 
more or less working on the original idea devebped by Punchon. 

Some of the arraogements I have alluded to above were treated 
by Mr J. T. Milton, in bis paper read before the North-East Coast 
Institute of Engineers, 22nd February 1888, and the numerous polar 
diagrams attached to Mr Milton's paper exhibit the delicienciea of 
those arrangements when compared with the improved results obtained 
from the new features introduced by Mr Morton, as shown by tbe 
polar diagrams now exhibited (see Sheet 12, Figs, 11 and 12). The 
theory of the simple and compound radial gears has also been treated 
of in " Engiueering," September 17 and October 8, 1866. 

As the explanation proceeds, however, you will gather that the 
features which difitinguish Morton's system are distinctly original. 
I shall also state some of the advantageous results from a com- 
mercial point of view that are derived by the adoption of this system 
of valve-gear by marine engineers and shipowners. 

In order, then, that the three new features which distinguish 
Morton's system from the earlier and well-known arrangements may 
be understood, I beg to draw your attention to diagram Fig. If 
Sheet 1. There is here delineated the cross-head, sUde-bar, connecting- 
rod, and crank of an ordinary steam-engine. On the centre hne of the 
connecting-rod, let us take «aj jixed point. The point assumed in the 
diagram is in the middle of the length of the rod. On revolving the 
crank ^Jixtd point will describe a figure having the contour of an 
waequal-ended oval (as shown by tbe full hne in the diagram), whose 
major axis is equal to the length of the stroke of the piston, and whose 
larger end ia next the crank. The dotted line on tbe diagram repre- 
sents the contour of an equal-ended oval, and the tmted area between 
it and the oval actually described by the fixed point shows at a glance 



the inequality in the amonnt of lateral vibratioDB of the fixed point, 
ftt corresponding positions of the [»atoii measored from opposite ends 
of the stroka It is evident that any lateral moTements derived from 
(a controlled by the fixed point will be uTiequai for corresponding 
podtiona of the jxston at opposite ends of the stroke, in agreement 
with the irregular latenl vibrations of the said fixed pomt ; and the 
shorter ^e connecting-rod is in relation to the stroke of the engine 
the more pronounced will the inequality become. To overcome this 
inequality, and as a consequence to eliminate the error commonly 
known as due to the "angularity of the connecting-rod," was the 
inventor's first aim, and the simple method by which he ultimately 
overcame the difScuIty I shall describe. 

Diagrams Fig. 2, Sheet 1, and Fig. 3, Sheet 2, are repetitions of 
Fig. 1, except that in both the former there is the coDnecting-rod 
a slot in which is fitted a mowAle block carrying the centre A, and 
Figs. 2 and 3 show respectively two of several methods of impart- 
ing to the point A a travel relatively contrary to the direction in 
which the connecting-rod may be moving. The result of this 
relatively contrary travel, when properly proportioned, is, that the 
UOTABLE pomt A vibrates equally across the centre line of the engine 
for equal amounts of travel of the piston from opposite ends of the 
stroke ; in other words, the point A now describes a regular or eqttal- 
ended oval figure, whose major axis is a straight line, and (in the case 
delineated) about three-fourths the stroke of the piston in length, the 
minor axis being an arc of a radius equal to the length of the 
actuating link B. It follows that any lateral movements derived from 
or controlled by the movable point A will be equal for corresponding 
positions of the piston, measured from opposite ends of the stroke. 

Now, in preference to allowing the movailt pomt A to slide as a 
block in a slot in the connecting-rod (an arrangement which would 
in practice have certain obvious disadvantages), the point A is made 
to form the oscillating centre (or crank-pin) of a small crank P 
vibrating in a bearing formed in a projection on the connecting-rod 
(Fig. 4, Sheet 3), and so proportioned as (with the proper amount 
of relative travel imparted to it) to vibrate equally across the centre 
line of the connecting-rod. The result is that the figure described by 
the movable point A retains all the characteristics already described, 
but the major axis of the figure becomes the arc of a circle, as shown 
by the diagram. 



The model here will explain this motion ftt a g'l&nce, and it will be 
observed that, whether the connecting-rod vibrates to the right or 
heft of the centre line of the eng^e, the movable point A remaiiM 
praoticall; stationarj in relation to the centre line of the connecting- 
rod. I shonld here ezphin the different methods of imparting the 
correcting movements to the movabh point A. In tl>e case of 
outside cylinder locomotives and stationarj engines, and generaDy, 
where single cranks are used, ti» method mdicated by Fig. 2, Sheet 

1, is that nsually adopted. Here the pmnt A is connected by means 
of the link B with tbe overhung or retnm crank B ou the main crank- 
pin of the engine. In marine engines the point A (see Fig. 3, Sheet 

2, and Fig. 4, Sheet 8) may be connected by means of the link B 
with the point D in the lever K This lever E may be an air-pump 
lever. The point D mutt vibrate equally across the centre line of the 
engine as the piston moves from one end of its stroke to the other, 
in order that the requisite nnifonn geometrical movement may be 
imparted to the movable point A. A third method, being that maiK 
commonly adopted in marine and double-cranked engines generally, 
is shown by the large model and by Rg. 5, Sheet 4, and Fig. 6, 
Sheet 5, andv conmsts in imparting the correcting movement to tbe 
radiating crank-pin or movable point A, through the prolongation of die 
valve lever F (the description of whose functions I must here 
anticipate), connected to the piston-rod crosshead at D by tbe link B. 

Now, if a lever F (Fig. 4, Sheet 3), having a radius equal to the 
major axis of the oval Sgnre, be connected at one end to the point A, 
and at tbe Other end to the link C radiating from a fixed centre E, tbe 
length of the link being equal to the radius of the minor axis of the 
regular oval figure described by the point A, the lateral vibratbns of 
the link C will correspond exactly with the equal and regular recipro- 
cations of the piston from either end of the cylinder, as shown by the 
figures on ihe slide and the crosses on the radins of link C, and this 
quality of motion will be maintained irreeptetioe of the direciwn in wAtcA 
Ae engine mm/ be rotatmg — a result obtainable by no manipulation or 
proportionating of tbe mechanical members constituting any other known 
system of valve>gear. 

If attentioa be particularly directed to the crosses referred to, it 
will be notjced that they mark the positioBs attained by the end 
of the lever F upon the arc swept ont by the link- G, when the paston 
is at those points in its stroke indicated by the corresponding numbers. 



ftnd it will be seen that for equal distances travelled by the piston 
from either end of ita stroke, the point G must always retnm to the 
same position, and that this is true for Mther direction of mnniiig. 

I desire to ask your particalar attention to the movable point A 
actuated as shown, and before described, for it has important pro- 
perties and forms the basis of Mr Morton's improvements. The 
advantageous distribution of steam claimed for this valve-gear is the 
outcome, primarily, of the action of this point upon the members of 
the system constituting this new gear. For instance, by giving the 
movable point sufBdent relative motion the normal pear-sbaped figure 
becomes not only corrected, but over-corrected — in other words, turned 
npade down, the larger end now being towards the croes-head ; whilst, 
on the other hand, by redudug the relative motion of the movable 
point A, the correction thereby imparted to the normal figure may be 
correspondingly reduced. 

We can, in fact, by increasing or diminishing the relative travel ot 
the movable point A, obtain any changes we please in the lateral 
vibratioM of the said pcHDt across the centre line of the engine, for 
corresponding movements of the piston from opposite ends of the 
stroke, and consequently (the mode of correction enabling ua to make 
that half of the orbit of the movable point A which lies towards etiher 
end of the stroke — no matter which — longer than the other) can give the 
pcnnt A a longer path to traverse during one half the revolution of the 
engine tbau during the other half now, as the period during which the 
ports remain open is dependent upon the movements of the point Fig. 
4, Sheet 3, and Fig, 5, Sheet 4, (usoally called the " fulcrum centre " 
of the valve-lever F) ; and since the movements of the point are 
controlled by tboeeof the point A, it follows that by slightly ou«r-correct- 
ing the normal figure descnbed by the movable pomt A we are able, if 
required, to obtain what is often considered desirable in vertical marine 
engines, namely, a longer ptriod of steam admission on the vp stroke 
than on the down, and tb&t for either directum of rotation, and for any 
intermediate grade of expansion, but without disturbing the uniformity 
of the valve's movement on either side of its central position, or the 
equality of port opening at both ends of the stroke. 

The result of distorting the normal oval figure, by giving the 
movable point A either more or less relative travel than is just 
required to produce equal lateral vibrations of the said point for cor- 
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reapondiag posdtions of the piston measured from either end of the 
stroke, will be, that the crosses indicating successire poeitions of the 
point G will be intersected not only by the circular arc of radiua 
C, but by an angled ogee line (Fig. 4'), which will be as a £ when 
die relative travel of the point A is too small, or as c d when that is 
too great, the proper movement acoompanying eiact correction of the 
lateral vibrations of the movable point A alone giving the single true 
circular arc, which must be followed by the fulcrum centre G in order 
to produce equality of port opening at both ends of the stroke, inde- 
pendent of the direction in which the engine may be rotating. 

This compensation for the inequaUty of the lateral vibrations of the 
oonnectbg-rod ia perfectly effected by the Morton system alone, and 
the resulting uniformity of motion of the point G, in a constant path, in 
time with equal and regular reciprocations of the piston, irrespective 
of the direction in which the engine may be rotating, confers upon 
Morton's valve-gear distinctive features as compared with all others. 
Thus, whereas eccentric gear imparts to the valve a movement derived 
from, and, therefore, in time with that of the crani, Morton's gear 
disregards the crank and its irregularities of movement in relation to 
the piston, and gives the valve a movement in time with the recipro- 
cations of the piaton alone. 

Again, it is understood that with ordinary eccentric gear, or any 
other known types of radial gear, any required distribution of steam 
may be obtained for fortoard gear, but the new features which Mr 
Morton has introduced, afford the only means yet discovered of 
enabling the designer to retain, both in backward gear and proportion- 
ately in any intermediate grade of expansion, tboee charactenstica 
of steam distribution which he has set himself to obtain for forward 
gear. It is this unique feature which gives to Mr Morton's invention 
its distinctive character and value as a reversing valve-gear, ia 
comparison with all others. 

So that now we have before us the ampler means devised by Mr 
Morton whereby the fulcrum centre G of the radial valve lever F 
(see Fig. 5, Sheet 4) has imparted to it a uniform motion in time with 
that of the piston, and in a constant path, which forms the second 
new feature of the invention. The valve lever F, as in the original 
motion and in all the subsequent forms of this class of valve-gear, 
has a short overhung end, 6 N, so proportioned as to give the centre N 
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a travel (at rigbt ao^les to the path of the rulcruiu centre G) equal to 
the sum of the " lap " and "lead" of the BUde-valve; but the means 
employed by Mr Morton to connect this centre N with the side-valve, 
30 that the engine may be reversed quickly and easily, is a strikingly 
simple and novel invention. It forme the third feature in the arrange- 
ment i and when all three new parts are combined in one engine the 
fall benefit of these improvements may be realised. 

This third feature in the new gear I shall now describe. It is clearly 
illustrated by the model and drawing, Sheet 4, Fig. o, and consists 
in adopting the adjustable link H, one end of which is connected 
with the overhung centre N of the valve lever F, the other end 
being connected with the block or die J in the slotted quadrant I, 
which is made in the shape of the letter T inverted, its stem being in 
line with and rigidly connected to the valve spindle Q. A vibrating 
T-piece quadrant may be substituted for the one just described, 
which, however, is the most desirable form of this member of the 
new system. The bracket D' attached to the bottom of the cylinder 
carries a long and finu guide for the stem of the quadrant, and has arms 
cast on its sides, into which are fitted bearings for the fixed centres C 
of the vibrating link G. When the adjustable end of the link H is in 
the centre of the quadrant, the valve receives a travel equal in amount 
to its total " lap " and " lead," which is constant, while for combining 
"port opening" with lap and lead for any grade of expansion it is 
only necessary to shift the Unk H, and with it the die block J, abng 
the slot in the quadrant to the right or left of the valve spindle, for either 
forward or backward gear, as the case may be. The die blocka are 
solid and unadjustable, having no " slip" or motion to speak of, they 
work for years without material wear. Sliding surfaces are entirely 
dispensed with, and beyond the adjustable link H, all the centres of the 
motion travel in corutant paths, and are not affected by any variation 
in the direction of the engine's rotation. 

I should, perhaps, here remind you of the well-known " Ilack- 
worth " method of reversing — viz., by means of the angled cross-slide 
or swing-link, where the valve lever is actuated either by an eccentric 
or counter crank, as shown bySulzerin specification 3170'", or from 
the connecting-rod, as shown by Brown in his specification 317G'*. 
The fulcrum centre of the valve lever slides or swings in a different 
path when the engine is in forward gear from that when in backward 
gear, and consequently the "port openings" for different directions 
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of running Tary st the opposite ends of the cylinder on &cconnt of the 
varying paths of the fulcrum centre of the valve lever. Hacfcwortii's 
ByBtem of reversing the direction of rotation waa first ocimbined with 
non-eccentric valve-gear, I bdieve, by Mr C. Brown j and in his 
patent specification he speaks of his valve-gear as oi>e of the " Hack- 
worth class." 

I now ask your attention to some of the results obtained in the 
appUcation of the Morton system of valve-gear to martae engines. 
Permit me, in passing, however, to call your attention to Sheet 8, which 
representa indicator diagrams enlarged from scale ^tii of an inch = 
1 lb. to ^th of an inch = 1 lb. pressure of steam. 

These diagrams show the steam distribution for both directions of 
running from full gear to cut-oB at ^th of the stroke in a pair of 
coupled horizontal winding engines, having cyUnders 24 in. diameter, 
by 60 in. stroke. This high range of cut off is carried out withmu 
the aid of a sfjxiralt cxpoiwtm valvt. The engines were erected in 
November 1884, for Messrs Young's Mineral Oil Company, at their 
mines, NewUston, near Edinburgh. The Morton valve-gear on these 
en^nes has worked without adjustment night and day since the 
engines were started in 1885. When the writer visited the engines a 
few months ago, in company with other engineers (for whom he is 
now arranging new paddle-steamer engines for the adoption of the 
Morton gear), the evidence of such lengthened service was barely 
perceptible on the various centres. 

Sheet 9 represents indicator diagrams taken from the triple-expansion 
engines of the Inman and InterDational Steamship Compaoy's s.6. 
"Ohio," a vessel 343 x 43 x 34-6. In this case the original engines 
which indicated 2100 h.p,, were of the compound class, fitted by 
Messrs Cramp & Co., of Philadelphia, U.S.A. These engines, with 
their boilers, were removed and replaced by new boilera and three- 
crank triple -expansion engines, indicating 2200 h.p., by Mf^rs James 
Howden & Co., of Glasgow, and were the first marine engines fitted 
with Morton's system of valve-gear. Fig. 6, Sheet 5, shows a design 
practically identical with that used in this case. The net result, so far 
as the saving of space occupied by the new propelling apparatus is 
concerned, is that the carrying capacity of the vessel was increased 
by several hundred tons measurement, which represents a very lorgoly 
increased freight-earning capacity, and points owners of steamers 
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fitted with the old type of compound ecgine to a substantial source of 
profit, as we shall see further on. The eaperintendent engineer of the 
Inman Compon;, Mr James S. Dorsn, informs me that during the 
tooe the gear has been in oonstant ase— since July 1887, the engines 
have steamed over 120,000 miles — the upkeep of the valve-gear has 
been practically nil. 

Theenginesof the 8.8. "Circe," a vessel 831-9 x 35-7 x 26-4, were 
built by Messrs Barclay, Curie & Co., of Olangow, to replace the ordinary 
two-cytinder compound engines with which the ship was ori^nally fitted ; 
and as the desire of the owners, Messrs Donaldson Brothers, of Glasgow, 
was to put the new engines into the same longitudinal space as taken up 
by the old engines, the builders were called upon to design the new 
engines to meet these requirements. The old engines had 37 in. and 
74 in. cylinders, and 48 in. stroke, with ordinary valve-gear, and the 
new triple-expansion engines on three cranks have 25 in., 41 in., and 
68 ia cylinders, and the stroke is the same as in the old engines, 48 in., 
with Morton's valve-gear. The result of the refit, so far as longitudinal 
space occuj»ed is concerned, is that the new engines have been placed 
OD the old engine-seat, and they, with their boilers, now occupy 6 ft. 
less longitudinal space than tbe original ones required, with an increase 
in power of 900 i.h.p., the new engines being capable of developing 
over 2100 i.h.p., with the {Hstoos of the engines rnnning about 630 ft. 
per minute. 

To meet the circamstances and requirements of sudi cases the 
engines have to be arranged so that they shall occupy the smallest 
poemble space beyond what is necessary to accommodate cylinders of the 
diameter required for the power that lus to be devebped. Duplicatbn 
of crank shaft, with very large bearing surface, as well as a fnll 
degree of acces^bility to the moving parts, is insisted upon. Tlie 
cylinders are arranged as close together as the flanges of the low- 
pressure and intermediate-preBsure covers will permit, the valves are 
brought round to the front, and on the croea-centre line of the cylinders, 
the exhaust being carried round by a belt to the back. On the driving 
columns is provided an interior water circulation for keeping the 
" ahead " working face cool. 

The high-pressure cylinder has a juston valve fitted, the othertwo 
ordinary double-ported slide-valves. The valve casings of the low- 
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pressure and intermediat«-pre88ure cylinders have each doors on the 
top aod front, which permit of the valves being drawn either way 
when required. The wrought iron columos in front of the engine are 
made with flanges top and bottom, and secured by bolts to cotres- 
ponding flanges on the cylinder bottom and sole plate. Fig. 6, Sheet 
5. nhows a general front view of this type of triple-expansion engine, 
and may be taken as representing the arrangements I have carried out 
in the larger triple-expanaioD engines now being built and fitted with 
Morton's valve-gear in the Clyde district. It will be seen that this 
design leaves the whole of the working parts of the engine open and 
accessible, and within view of the starting platform, the valve-gear 
being at the side instead of in between (or on any angular cross line 
through) the engines, thus affording a free passage from back to 
front of the engines. Sheet 10 represents indicator diagrams taken 
from the " C3irce,'' 

In all cases where Morton's valve-gear is ^tted a short valve 
travel is arranged. This short travel reduces the mean speed of the valve 
in proportion to the rednction of travel, and consequently reduces the 
valve resistance, which, with the old link motion, its cumbioua 
eccentrics, heavy valves, and long travels, evidently absorbs no small 
percentage on the engine's power.* Again, it may be pointed out that 
whilst, in the case of common eccentric-gear, the power required to 
move the valve acts directly on the valve rod, and consequently at a 
disadvantage as regards leverage, in the case of Morton's gear a 
comparatively insignificant power is required, owing to the great lever- 
age obtained thi-ough the ratio between the two arms of the valve lever 
F. Kor is any appreciable sirain thrown on the connecting-rod, the 
whole weight being carried, and the driving effected through the 
frame composed of the links H, 0, B (which latter drives) and the 
valve lever F, the crank P acting simply as a radius bar in the parallel 
motion. That no part of the system incurs any undue strain is 
proved by the fact that through many months, and even years, of 
constant work, the wear and tear is found to be practically nil. The 
detail of the valve-gear needs no explanation, beyond what is contained 
in the drawings Fig. 5, Sheet 4, and Fig. G, Sheet 5, it is so simple, 
easy of manufacture, and light, but withal substantial. 

Diagram Fig. 13, Sheet 12, is a graphic delineation of the steam 
distribution, and shows the port openings in relation to the movements 

• Ses Hhwi Muilul] A WclHtauin'a Paper. North Eut OOHt luUtaU, ol EnginHn, April £1, 1886. 
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of the piston i while Figs. 11 and 12 show the valve movementa in 
relation to the crank. Both figures have the same characteriatics, and 
prove the uniformity of the valve motion ; they also show how rapidly 
the port opens full to steam and how it dwells in mid-stroke. It 
will be noticed that the " Polar " diagram shows that for forward 
or backward gear there is equal port opening, and both diagrams 
prove that there is a longer period of admisson on the up stroke 
than on the down, with the valve moving equi-distant on either side 
of its central position, but without double porting one end of the valve 
and face, or arranging unequal travels, as is not an uncommon 
practice with the users of some forms of radial valve-gear. In com- 
parison with the familiar polar diagrams of eccentric valve-gear, the 
mirked absence of " wire-drawing," indicated by Figa. 11 and 12, in 
both the opening and closing of the ports by Morton's gear, will be 
noticed. The whole of these diagrams demonstrate that although the 
mechanical members of this motion are old and familiar, yet their 
geometrical functions are novel and unique, and that the useful effects 
resulting therefrom directly tend towards a greater efficiency (and 
consequently a pecuniary gain in every revolution) of the engine. The 
nnifonnity of the steam distribution in either direction of rotation is 
a matter of great value in ships of war, or m vessels that require 
to be frequently and smartly bandied. 

I have been favoured with information from Mr James Gilchrist, of 
Messrs Barolay, Curie & Co., builders of the " Circe's " engines, to the 
effect that they have found the weight of the " Circe's " propelling 
apparatus (which developed on trial a maximum i.h.p. of 2103), to be 
387 lbs. per i.h.p., and the mean weight of five sets of triple-expansion 
propelling machinery of the same power, built with ordinary valve-gear, 
to be 432 lbs. per i.h.p. In other words, the marine propelling apparatus 
of this type, when the engines are fitted with Morton's gear, is power 
for power about 40 tons lighter than when fitted with ordinary link 
motion. In both cases the weights given include engines, boilers, 
shafting propeller, floors, gratings, water in boilers, and piping — 
the boilers working with natural draught. 

I am well aware that it is possible, with ordinary eccentric valve- 
gear, to effect a saving both in weight and space in proportion to power, 
equal to that just named, by either the adoption of a very light type of 
engine, or by the use of forced draught, or by both these means 
combined, as is the frequent ixw;lice iu the navy ; or, as to space, in 
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a more or less degree by placing the valves on an angular cross line 
through the engines, actuating tbem through roddng-stuifta. Bat I am 
now speaking more particul&rlr of ordinary merchant steamships using 
natural draught, and whose endues are built to stand the oontjnuous 
wear and tear and heavy strains of long oceaa voyages at all seaaons of 
the year. In snch vessels, saving of weight, however desirable, must 
involve no reduction of rigidity or strength in any part, but, at the 
same, every foot of room saved is of commercial value, as I shall 
I^eeeDtly endeavour to show. 

Now let us ooDsider what is the commercial value to shipowners of 
this new type of «igine which is developed by the invention I have the 
honour to brmg before you. 

Take first the saving in weight. As an authority for some of the 
following statements, I quote from the paper read by Mr F. G. Marshall, 
of Newcastle-npon-Tyne, before the Institute of Mechanical Engineers, 
August 1881, aodagain from the same author conjointly with Mr R. 
L. Weighton, M A., in their paper read before tbe North-Bast Coast 
Institute of Engineers, April 21st, 1886. 

Id these papers it is set forth that the beet shipping authorities 
reckon every ton of deadweight capacity at an average freight-earning 
capacity of JCIO per annum. Daring the discussion on the latter paper 
(1886) it was pointed out that a fair wmgbt for ordinary merchant 
marine engines of the trifle-expansion type, indicating 2000 h.f., with 
bdlers and outfit complete, averaged 450 lbs. per indicated horse- 
power. 

As before stated, the " Circe's " propelling machinery, with engines 
the same as lUustiated by Fig. 6, Sheet 5, boilers, water, and outflt 
complete, weighs 387 Iba. per indicated horse-power, showing 
a gain on 4.50 Ibe, per indicated horse-power of 63 Iba., or 14 per 
cent., giviug an increase in the carrying power of the vessel equal to 
55 tons deadweight ; therefore, the money value of this is 55 x 10 = 
£550 per annum profit to the shipowner due te reduced weight of 
engines of the " Circe " type. 

To this important item of gain falls to be added tittt derived from 
the saving of ipaae effected by the " Ciroe " type of engine The cutnc 
space.saved will evidently be greater (per foot of length saved in 
the engine-room) in vessels of great beam and depth than in those of 
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narrow beam and shallow draught ; but as an example, I will take the 
case of a large first-class steamer dow building for the Eastern trade, 
having dimenaiotiB 412 x 46 x 29 feet. By the adoption of Morton's 
■valve-gear, the engine-room will be four feet shorter than it would 
have been with the old type of engine. This means 46 x 29 x 4 = 
tnj, 180 tons measurement. 

Taking this 130 tons at deadweight value — viz., £10 per ton per 
amium •= £1300 additional earning power gained to the ship, plue the 
freight-earning power gained bj reduced deadweight in the propelling 
apparatus. All this is being effected without any additional cost in 
the working or management of the ships to which Morton's valve 
gear is being fitted. 

These advantages are being recognised by many eminent finns, 
amongst others the well-known " City " Line, who, under the supenn- 
tendence of their engineer, are adopting Morton's valve-gear for their 
new steamers now building, thus ceasing to bum fuel for the purpose 
of carrying round the world year after year, during the life of 
their vessels, an entirely superfluous weight in the propellmg appa- 
ratus, and also securing a substantial increase of freight-earning 
capacity by converting what under the old conditions would have 
been engine-room space into cargo-carrying space. 

I ask your attention to Sheet 7. The top drawing, Fig. 8, re- 
presents the crank shaft proposed for a large steamer of 4500 tons register, 
and was designed to be interchangeable, with six bearings and ordinary 
valve-gear. Morton's gear is being fitted instead, and the shaft, as 
shown in Fig. 10, is substituted for Fig. 8, being 4 ft. 3 in. shorter and 
fully 11 per cent, lighter — the weight of Fig. 8 being 19 tons 8 cwt, 
and Fig. 10, 17 tons 13 cwt. The style of shaft shown in Fig. 10 
baa been adopted in most cases hitherto where Morton's gear is fitted, 
with the excepion that some have been coupled at the crank pin. In 
the case shown, the coupling is effected in both webs of the middle 
crank, the end lengths of the shaft being interchangeable. The shafts 
when coupled and in place have a strong and effective appearance, the 
whole shaft, excepting the pins and webs, being covered in the main 
bearings. This type of shaft permite of an unusually large and effective 
bearing surface in proportion to the power developed, the shaft shewn in 
Fig, 10 having 120 in. total length of bearings, as against 108 in. in the 



longer shaft (Fig. 8), so that the redaction in length of shaft does 
jK>t involve ftny sacrifice of bearing surface. 



Id the conversioD of existing compound engines to triple- 
expansioQ, the advantages of this improved form of radial valve-gear 
become Eaanifeet. It has been adopted by the "Allan" Line at 
Glasgow, in the 8,8. " Waldension," and in tlie S.B. " Strathleven," 
now being tripled by Messrs A. & J. Inglis, of Glasgow ; and by 
the "Clan" Line Company, in steamers whose engines, previously 
compound, have thus been tripled. Sheet 6, Figs. 7 and 7', explains this 
arrangement. The low-pressure cylinder is lined, or the original high- 
pressure cylinder replaced, as the case may be, and a new bed plate — 
in fact, a new engine — put on the former end of the existing one, 
the old reveising shaft connected to the new, and the valve of the high- 
pressure cylinder placed at the back or front as circumstances dictate. 
In this case it is to the back, and a cast iron column is erected in the 
front, forming a ^pper guide, the whole arrangement making a com- 
pact and tidy job, while not necessitating any increase in the original 
et^ine-room space. 

Sheet 11 is an enlarged Indicator diagram from high-pressure 
cylinder of 8.8. " Clan Gordon," Morton's valve-gear. 



The foregoing descriptjon is only intended to convey a general 
outline of the new geometrical features and improved steam distribu- 
tion, with accompanying commercial advantages, which Mr Morton's 
invention has introduced into the reversing steam engine. A more 
complete analysis, bearing especially on loconx>tive practice may be 
offered later on. 



Mr ROWE'S REMARKS. 



I shall be very glad to say a few words. I have been much 
interested with the lecture to-night. It has been very instructive, and 
our interest will be increased, I think, when we have exammed the 
plans and models before us. 
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With reg;ard to tbe remark ttut shortening the en^e-room vonb}- 
mye several hundred tons of cargo spaoe, this evidently depftods 
solely on the size of tbB vessel In » small veaaal the saving vould 
be but saiall, whilst in a large vessel it would be greats necessarily 
arising from her depth of hold and beam. In referanoe to the saving 
of this, was the lecturer taking Morton's or Joy's gear into oonsidsra- 
tiont and was be oomparing either to triple-expansion engines Stted 
with common valve-gear I 

With regard to weight, I think Mr Marshall, of Tyneside, can 
develop one hoiw-powor to every 300 ponnda. 

M tfaia valve-gear has suoh a multiplicity of part, I think there 
might be some sUght trouble with it at the oommenoement, but this 
DO doubt would sooD be overcome. I am afraid that we all aun at- 
Btmplicily too much, and leave out the chief object — perfection. To 
gain this latter point, I do not think we can do better than go to the 
human frame, which is perfection itself, each part being specially 
adapted for the work it has to do. Simplicity of parts ia of course 
desirable, but scientific progress must not be restricted to the capacity 
of the practical engineer. 



Mr THOMSON'S REMARKS. 

I would like to ask one question. In the ordinary Stephenson 
motion, when you work with the gear linked up you alter your lead. 
Does it do so in Morton's T Is there an advantage in having a constant 
lead T I have fonnd that towards the end of a long voyage, when the 
bearings had worn a good deal and the engines consequently getting 
rather noisy, we oould lessen the vibrations and soften tbe noise by 
linking back, and thereby altering the lead and compression. 



Mr HAWTHORN'S REMARKS. 

I regret very much that I was not here when the paper was read, 
but, lookmg at ^ diagrams, I should think that this gear would 
necessitate having a stronger connecting rod. Now, this excessive 
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weight bein^ put into the rod will have to be accounted for in 
some vay. We have all had practice with the Unk motion, have had 
to accommodate ourselves to it, and have got such a thorough know* 
ledge of it, that we have become conservative, as it were, and feel that 
we shall never be able to dispose of it. With reference to this gear 
during a long voyage, owing to the joints getting slack with the 
wear of the pins, I fane; there will be not only a good deal of noise 
and vibrati(»i. but also of trouble in the hondUng of the engines when 
the sum of the wear is considered. How many governors have we 
had experience of which ful to do their duty, owing chiefly to the 
' number of the small joints and pins T I believe it will undoubtedly run 
well when you try it, when all the joints are in good order. But bow 
about its actual work at eea T I am of o[»Dion that the gear will not 
work BO satisfactorily, and it strikes me that it will hardly overcome 
the mmplicity of the Unk-gear. 



CHAIRMAN'S REMARK& 



By way of reply to Mr Hawthorn, I may read the following 
excerpts from letters, ooncernicg the practical value of Morton's valve- 
gear, which have been addressed to Mr Bruce by the Superintendent 
Engineers of the " Inmau and International " Steamship Company, and 
of the "Clan" Line Steamship Company. 

MrJ. S. DoRAN writes on the 17th January 1889, as follows; — 
** The 'Ohio' has just sailed for New York, I think, on her fourteenth 
" or fifteenth Atlantic voyage. Upkeep of valve-gear has cost 
(' practically nothing ; wear and requirements for adjustment very 
" trifling. It is a good gear, and I have no hesitation in recommending 
" it to engineers and shipowners." 

Mr JoHK Ltall, on the llth September 1889, writes: — "With 
" reference to the valve-gear as fitted to our steamer, I am pleased to 
" inform you that it is doing all I expected it to do, and am qnite 
(■ satisfied that it is the most suitable valve-gear that can be made. 
'^ The expense of upkeep ia as yet nothing." 



Mr JAS. ADAMSON'S REMARK& 

In reference to the claims advaaced in favour of radial valve-gear, 
there are a few points I would call attention to. Tbe sbortening of tbe 
engine-room is not an unmixed good, even &ItIioagh the crank shaft 
bearings are made wi^ ample aurfaoe. I have no doubt that many 
here present will agree with me in saying that the engine-rooms, as a 
role, are quite short and close enough already, without having them 
Btill further reduced on the plea advanced by advocates of any gear. 
I think it is well, however, that the author of the paper has kept before 
him the importance of maintaining the view that short bearings on the 
onuik shaft should be discouraged. 

I think Mr Kowe ia correct in surmiaiug that the weight per indicated 
hoTse-power given by Mr Marshall and my esteemed friend, Mr R. L. 
Wedgbton, can hardly be taken as for the average merchant steamer. I 
have been running up roughly a few engines — compound, tiiple, and 
quadruple — and find that they work out to about 380 to 400 lbs. {accord- 
ing as they may be fitted with single or double guide columns) and 400 to , 
416 reepectively per indicated horse-power, and this includes the whole 
of the propelling machinery, boilers filled, and all ready for sea. 

The author deserves great credit for the paper he has read, 
and for the excellent diagrams and models be has brought before 
us to-night, and I am pleased to say that one of the beat of the models 
has been presented to the Institute. 

I would propose that another evening should be appointed for an 
adjourned discussion, when Mr Joy, who is unable to be present to- 
night, being detained at the trial trip of one of Her Majesty's 
steamers, may be able to come and take part. This, at tbe same time, 
would give an opportunity to members of thinking over the paper, and 
studying the diagrams before the discussion. 
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RADIAL VALVE-GEAR. 



ADJOURNED DISCUSSION ON MR BRUCE'S PAPER. 
FBIDAT, STth Sept. 1889. 



CHAIRMAN'S OPENING REMARKS 

(Mr J. M'FARLANE GRAY). 
Before opening the discnsaoD I may recapitalate the prindpal points 
in the discunbn when tbe paper was read. Inventions such as these 
before the meeting seldom came forward as the production of one mind, 
complete in their finally approved form. Valve-gears, dispensing Trith 
one or both of the eccentrics, have been put forward from time to time 
for thirty years or more. In the ideas floating abont so long there 
were all the parts of the skeleton of a good gear without eccentrics, and 
it appears to me that Mr Joy recognised this at the right tune, when 
tl>e triple-expansion engine was wanted to replace tbe compound engine 
without extension of engine-room space. Joy's valve-gear is an 
improvement on what preceded it, and Morton's is said to be an im- 
j^ovement on Joy's, and with all the beautiful diagrams and working 
models now produced for your instruction, I do not think it unlikely 
that still furUier improvements might be made upon what is now before 
ns by some member of this Institute. This adjourned discusaon has 
been arranged for principally to give Mr Joy an 0[^rtunity of explain- 
ing his gear to the members ; and if Mr Bmoe has anything further to 
explain I will ask him to do ao now ; if not, I will call upon Mr Joy to 
speak. 



23 

Mr BRUCE'S OPENING REMARKa 

I have little to add to what is stated id the paper, aod at the last 
meetiagi but in response to the chairman's invitation, I may say ia the 
first place that the statemeDte in the paper as to dead w«ght saved 
are based on very careful comparison between ordinary merchant 
marine triple-expauNon engines fitted with "link-motioii" and engines of 
the "Circe" type, fitted with Morton's system of valve-gear. 

The chairman has referred to the question of priority of invention. 
Although fully prepared to deal with this subject (documenta referring 
to which I have brought in case of necessity), I feel this is hardly the 
place to enter upon a discussioD on this point, but would amply state 
that in Morton's system there is nothing in conunon with the Hack- 
worth or the Joy designs, but what was public property years before 
the date of Joy's patent, as the diagrams and paper will make 
clear to those acquainted with these latter systems. The backbone, as 
the chairman has aptly teimed it, of the mdial connecting rod system 
of valve-gear, must be made right before the details are built upon it, 
and this is what Morton alone has done. The Hackworth system is 
one thing, and Morton's is another; but the results from Hack- 
worth's and Joy's systems are similar to one another, and very different 
(as an inspection of the further tables I have prepared at once shews) 
from those obtained iram Morton's gear. 



Mr JOY'S REMARKa 



I very much regret that I was detained by an important engagement 
(a Government trial trip) from being present to hear this paper read, 
and I further regret that I have been unable to get a copy of the paper 
till just before the commencement of this meeting, so that I have not 
even bad time to skim it over, and although I am very familiar with 
the general question of radial gears, to the exact method of treatment 
in this paper I am a comparative stranger. 

However, as your committee have thought fit to adjourn the discus- 
won, and as my name appears in the card convening the meeting as 
expected to speak on the subject, I obey the call, and will give you any 
information I can on radial gears from my own point of view and from 
my own experience on the subject, which now extends over some years 
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and a verj largB and varied inatallatioD of the ajstem. M7 own inves- 
tigationa on the subject commenced aa far bock as 1868, when I was 
endeavourmg to desig^n an overhead marine engine which would lie in 
the ahortest apace in the ahip, and thia could only come by bringing out 
the valves from between the cylinders and placing them in front 
athwartshipe, here the evident source of motion for the valves was the 
air-pump lever or the connecting rod, hence the radial gear that came 
of my Bcheming in this direction. It was not till 78 and '79 that I got 
the plan into suffidently practical form, and secured my patenia early 
in that year. Mr Marshall's gear followed immediately, and I was told 
by some of my alarmist friends that this would be against my success ; 
but my answer was that there was room for a good many more than 
myself to meet the very strong and well-founded prejudice that existed 
and still exieta in favour of link-gear, a good and tried aystem, certainly, 
not to be abandoned, except for good reasons. Now since my system 
has come out, and has proved itself a success, it has been subject in 
Bome quartera to very severe strictures, and indeed practical opposition. 

On some of these points perhaps it is not out of place here to say a 
word or two- 
First of all, as a practical and very solid proof of its general anitabi- 
lity for the work for which it was designed, I may mentbn that I have 
sometbuig over 200,000 indicated horae-power running and commg 
forward, in marine engines, and about 1 200 locomotivea — 75 per cent, of 
which are high type express engines for passenger and goods service, 
drawing the greatest weights and at highest speeds. 

I claimed for my aystem when introduced to the public at the Summer 
meeting of the Mechanical Engineera' Institute at Barrow in 1880 — 
where it was illustrated by an express goods locomotive specially built 
by the London and North Western Railway to test the system — that it 
is simpler, less costly, and more correct in action, and allowing, all 
round, larger bearing surf acea than the link-gear (accepting that as the 
standard gear then the property and the pet of the public), and, that in 
marine en^es it specially saves room and weight, and so coat, allow* 
ing a shorter engke-toom, — leaving more space for cargo. 

It haa been objected that there is friction in my system, employ- 
ing the quadrant and block, and that the gear does not get a perfect 
back-going distribution of steam. This friction objection does not exist 
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in fact, given a good dengo, material, and workmanehip ; then sliding 
anrfacea are no trouble. What reascni^le engineer trould lift up his 
T(HCe againat the slide-bare for piston-rod croes-faeada, or attempt to 
replace them hj a parallel mo^n T As a fact these blocks and bars 
run for years without lining up. I examined four seta of triple engines 
this Spring, which bad been running continuously for four years, only 
one, out of the twelve seta of gear had had one block lined up, all the 
others were perfect ; I could not insert the point of my pocket-knife 
between the block and bar. Locomotivee continually run four or five 
yeftra and are not touched, they have no meana of letting together, and 
most of my engines are doing very fast and heavy work. 

As to this back-going question. My gear gives quite equal cut-off, 
the port opening only varying, in favour of the lifting stroke, which 
has a wider opening tlian for t^ falling atroke, and this ia an advan- 
tage if it is anything. But I hokl there is nothing in it, for both porta 
are open enough, the one bemg opened a little further makea no 
difference, and this ia proved by tlie set of diagrams I show taken from 
engines 1850 indicated horse-power, where it was convenient to employ 
the back-going for running ahead, there is not 1 percent, difference 
among the set of diagrams. But what shonid happen if the bottom port 
opens fully and the top not at all, indeed if there were no top port, this 
would aurely be very unequal diatributjou of ateam. Yet I have known 
such engines in Channel steamers, and they did as well aa sister ships 
with ordinary engines. I may add that all these diagrams were 
fumiafaed to me, and not tat%n by me. But suppose there were any- 
thing in it I What ia the amount of work done back-going? I have 
got the statistics from a well known American line owning some of the 
very largest ahips, and while the revolutions forward-going in an 
Atlantic voyage vary from 950,000 tol,IOO,OOOaccordingtothe»zeof 
ship, the back-going are but 2000 to 2500, and that only turning " easy" 
into port and " burning down " firea. If a perfect port opening ia worth 
anything, what ia it reduced to by this calculation? Therefore I think 
I have proved that thia question of exact ateam diatribution for back- 
going ia of no practical importance whatever, and certainly not worth 
paying for by the alighteat increase in complication. 

The principle I placed before me in deigning my gear, and have 
always kept before me, is that a refinement in design with a view to 
obtaining a saving in the third or fourth place of decimals is a retro- 
gression in practical advance and not an improvement, and it is due 
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to the extreme rimplifnty of my gear, and the fewness of parte, that it 
has won its enccess on engines of tbe locomotiTe and torpedo class, and 
tiis same tells of Hartne Engines, especially of the larger and faster 
types which are now coming so much into use, particularly in war ships. 

I have now answered shortlj, some of the feading questions about 
my own gear, but as I find, notwithstandmg its oonaderable adoption, 
it is not generally understood, I shall be happy on a f ntnre occasion to 
read a paper on it, and by illustrations with models, to make it perfectly 
clear. I wi^ it to be very clearly undeistood that I am not here wiUi 
any intention of running down any other gear as has been done by somft, 
there is plenty of room for all if tbe prejudice for eccentrics and link- 
gear is to be met, and I have plenty to do to look after my own Work. 
But as the question of priority and patent rights has been referred to 
(though this is not tbe place to discuss it), I moat unbesitaUngly 
refer any gentleman wishing informatioa on these subjects to the 
Patent Records. As regards priority, there is no question, as my patent 
stands first by many years. As to the questions of similarity, I am ad- 
vised by the highest legal authorities that my own specification will 
stand any invest^ation to any extent against all comers, and will be 
found further to cover some of those following rt 

I have introduced my gear into America, and they are now umng it 
in some of their locomotives and also in Mr Yanderbilt's yacht and other 
ships. It is not necessaiy for me to ssy my gear was in use in 1879. 
It has been running ever since. 

Mr HAWTHORN— I should Uke to hear some one who has been 
shipmates with radial gears tell us how they work, and how they work 
with heavy racing ; if the gear runs well when it is going at 400 ft 
per minute, and is suddenly put to run 800, do they still work in a 
satisfactory way T It would be much more to oui advantage if we 
had some one here to speak who has had to look after the engines. 
If this gear runs, and runs well, then I think it is an advantage and 
we should all adopt it, but if it nms badly, then I say down with it- 
Can Mr Bruce tell us what piactical benefit we get from Mr 
Morton's arrangement of gear over Mr Joy's gear, and what from 
an equal distribution over an unequal distribution of steam T It appears 
to me yon are both on an equality so far as gomg ahead is concerned, 
and what we want to know is the difference between Mr Joy's and 
Mr Morton's gear when going astern — if there is any gain, and if so, 
how much. 



Mr JOT — In answer to Mr Hawthoni'a qnestjon as to backgoiD^, I 
tiionght I hod already made tbat ctear in my fonnCr remarlis. First, 
I showed that with my gear going backward, I get an exactly similBr 
and equal indicator diagram as for forward going, and for up and down 
stroke too, tiw correct cards are shown ; 2nd, that if this were not so, I 
shewed tbat engines running with so unequal a distribudon of steam, as 
none on the top, and full steam on the bottom, it made no difference ih 
oonsDmptioD froiii ordinary engpnee. 3rd, I shewed by statistics that 
the amount of back running is such a small fraction as against forward 
going that it ts not worth while adding complication to gain perfect 
distribution, even if it were a considerable advantage, which it is pttived 
it is not. 

Then referring to the Chairman's remarks on the general question, 
after he has placed the whole before as in a nutshell in his usual terse 
and gtaphic fashion, there is left little more for me to say, except to 
reca[ntulate tbat it was, as be said, during these 11 or 12 years when I 
was working towards the question of radial gears, that there was a 
general idea floating as it were in the air, aud many inventors were in 
a way conscious that a better valve-gear was to be arrived at to meet 
the demand raised by the enlarged powers and accelerated speeds 
coming into use ; and that in the course of my researches it fell to my 
lot to work out the practical form in which that valve-gear was first to 
oome out, as be said that " I hit upon the nugget," as has indeed been 
proved by the large adoption of this system. 

Mr ROWE — When I was in the North I saw one or two ships 
fitted with Joy's gear, and I think tbat it is as strong and substantial 
a gear as I have ever seen fitted. I believe, however, that some gear 
fitted in the Navy gave trouble a little while ago. Perhaps Mr Joy 
will explain. 

Mr JOT — This was only a report about H.M.S. " Amphion" which 
got into one of the papers, and when I went to the Government to 
enquire I found it was nothing at aH to do with the valve-gear, 
but a slight breakdown of pump-gear ; and on going to the editor of 
the paper I found the paragraph had got in without his knowledge, 
he professed himself sadly cnt up about it, and offered every posable 
amend in his power. 

CHAIRMAN — Do yon find any difiBculty vrith early cut-offe wHh 
your valve motion as is sometimes found with tbe older motions ? 



Mr JOT— In answer to Mr Gray's question, I do not find any 
ditSculty in mniUD^ even with very early cutoffs with my gear, as the 
cmipressiOD does not increase with the cut-off m anything: like the same 
ratio as it does with link-gear, I regret that I have not with me a 
serieB of indicator cards which abew this very dearly. They were taken 
by the Ooyemment offidals on the trial trip of H.MS. " Amphion," 5500 
mdicated horse-power, and so were not a small experimeat, and they 
shew that while the cut-off was reduced from -44 to '13, the compreeaon 
has, instead of spreading ont and shewing a considerable area of 
retarding force towards the end of the stroke, shewn these lines crowded 
together so as to be difScult to separate, so shewing a very slight 
increase in back pressure. 

CHAIRMAN — I admit that Morton's is an improvement upon Joy's. 

Mr JOY — With this reservation, that the improvement is only theo- 
retical, and that only on the back-going, the pradical and commercial 
v^ne of which is not of much account. 

Mr THOMSON — I thmk there is one thing we have lost sight of, 
and that is, we have not determined whether the radial gear is a 
superior one to the Unk motion, and if it would be an advantage to intro- 
duce it into our engines. 

CHAIRMAN — I think one valve motion would do as well as the 
other, but when you have the alteradon in the en^es from compound to 
triple -expansion, and the shortening of the engines ; there seems to be a 
decided advantage. 

Mr THOMSON— I think Mr Morton's valve-gear claims a better 
dietributioD of steam than the eccentric. 

Mr ROBERTS— I did not hear anything Mr Joy had to say about 
his valve-gear. Perhaps you have read an extract in the Engineer 
of July 5th, in reference to Mr Joy's system of radial valve-gear fitted 
in two of the "Glen" Line steamers. Anything I have to say is certainly in 
favour of Mr Joy's gear. I have under my charge two sets of endues 
where Mr Joy's gear is fitted, and they have had a great deal of hard 
work. The steamers are 3500 ton vessels, and the gear has proved 
very effective. I know that this gear is pving every satisfaction, and 
has had nothing done to it. The engines develop 3109 mdicated 
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horse-porer. I am well sadsGed with Hr Joy's ge&r, and Mr Bruce 
may say that Morton's gear has adTantagee over it, but as yet I have 
not bad test of it. I think that locomotives will be the best t«st for 
any gear, far more so than marine engines. 

Mr THOMSON — If we had a diagram of Mr Joy's gear before ns 
we might understand it a little better. 

CHAIRMA.N — I have suggested to Mr Joy that he present to the 
Sodety a model of his gear ^milar to tiiis one which has been pre- 
sented by Mr Morton, not that he will benefit by getting orders from 
any of the young men, but that they may get a thorough knowledge 
of the working of it- 
Mr JOY — I shall be glad indeed to present a working model to the 
Institute, not a wooden one, but a cardboard one, one which will, I 
think, be indestructible. In reference to the gear itself, I wish you to 
notice that every pin has a single joint, so that each pin can be properly 
fitted and the centres kept parallel. It is difficult, or shall I say almost 
impoenble, to get pins and jointe perfectly fitted when the double jaw 
jomt is used. Mr Roberts said he thought that locomotives were the 
most trying work ; now I differ and think that rolhng mill work is the 
most trying. 

CHAIRMAN — I don't think you have quite explained your gear 
clearly to every one here. 

Mr JOY then explained his gear by diagrams and drawings on the 
blackboard. [The model which is to be presented to the Institute will 
serve to illustrate all this to the members who were not present to see 
the details pointed out, and who desire to study the subject further. — 
J.A.J 

Mr ROWE — I rise to propose a vote of thanks to Mr Joy, without 
whose presence, I think, the gear would have been only partially ex- 
plained. We are indebted to Mr Joy for conung to-night. 



Mr BRUCE'S CLOSING REMARKS. 

I am pleased to have the opportunity of meeting Mr Joy to-night, 
and to hear what he has to say concerning the system of valve-gear he 
has introduced. 



That he knew nothing of Kiown's invention until after the pablioa- 
tioQ of his (Joy's) own arrangfement, does not, however, dei»iTe Mr 
Brown of the fair sbfu^ of credit that the chairman has given him. 

Mr Joy's remarks, as to saving in first cost, space, and deadweight, 
hy the adoption of radial valve-gear, are fully oonUrmed by the experi- 
ence of those engineers in the Clyde district who have adopted Morton'a 
system. 

Regarding the acto&l merits of the systems of radial valve-gear 
you have had lud before you to-night, I would just remark that what 
Mr Joy has said with a view on the one hand to minimiBe the practical 
importance of the admitted geometrical imperfections of his own system, 
and on the other hand to depredate the undisputed geometrical superi- 
ority of Morton's system (testiJied to both by Mr Joy himself and by 
the Cbainnan), deals not so much with matters of fact as of opinion, 
and may safely be left to the judgment of the members present. 

I do not doubt that when you have had time to read the paper and 
to examine and compare the indicator diagnms, valve diagrams, tables 
of valve settings, and the models, relating thereto, you will readily 
appreciate my contentiou that, although Morton's system bebngs to a 
class with other members of which it necessarily has certain mechanical 
elements in common, it possesses distinctly novel features as a rtvtrting 
valve-gear, and as an economical system of steam distribution. 

To sum up — the novelties and resultant advantages of Morton's 
system of valve-gear are primarily based upon the bet that, whilst all 
preceding systems of non-eccentric radial valve-gears (as fw instance 
Englemann's and Brown's, referred to in passing), take their motion from 
Afirtd point on the connecting rod, and therefore retain in the move- 
ment of the valve, the error (relative to the piston's movement) due to 
the angnlar motion of the connecting rod and to the consequently 
unequal lateral vibrations of the point fised thereon. Morton's system 
on the oontrsTy, starts by taking the motion from a movabU point ao 
controlled as to constitute a source of motion truly m time wUh th« piston, 
and thus unparts to the valve a movement from which the error referred 
to is endrely eliminated. 

This substantial and pracljcal advantage is secured without compli- 
cation of parts, and not only establishes the non identity of Morton's 



STStem of valve-gear with an/ otber STstetn of its class, but results in 
an increased economy of steam distribntion which amounts to a direct 
pecnniary g^ain m every revolution of the engine. 

I may mention that this system of revemng valve-gear ia being 
freely taken up by engineers and shipowners in the Clyde district and 
elsewhere, and I have to-day received from the superintendent engineer 
of an important steam navigation company in London intimation of his 
intention to adopt this gear in two of the steamers under his charge. 
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15 AND 17, Broadway, 

Stbatfokd, 

Oct, nth, 1889. 



A. meeting of the iNsttniTB of Mabinb Enoinsbrs vas held 
this evemng, presided over by Mr. W. J. Craiq, when Mr. F. W, 
Wtheb read a Paper on " Bilge Pomps and their Connections." 

There was a good attendaoce of Members and friends, and the 
diecoBsion was prodactiTe of mnoh good. A full minute of the 
proceedings is given in the following pages. Illustrations ore also 
given, showing what Mr. Wymer advooated, and what Mr. Sommer- 
ville referred to in the remarks he made. 

The importance of the subject brought before nsby Mr. Wymer 
is more than sufficieDt to justify another Paper, and probably some- 
one may be inclined to write one. 

In order that the social element may have some play in the 
afiTairs of the Institnte, a committee has been appointed (Mr. Leslie, 
convener), so that social meetings may be arranged for occasionally. 
Members who can assist in the way of providing vocal and 
instrumental music or other class of entertaiomeDt should com- 
monicate with Mr. Leslie. 

JAS. ADAMSON, 

Hon. Secretary. 
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BILGE PUMPS & THEIR STRUMS. 



The importance of the sabjeot most be my exoose for askiog 

iron to give me your attention for a little time this eremng. In 
ooloDg hack orer many years of steamship practice, the most 
important thing in a gale of wind on board a steamship (next to 
the vorking of the main enginee in maintaining the position of the 
resset) is, in my opinion, toe working of the bilge pumps, which, 
altfaonf^b they mav be said to form part of the main engines, are 
yet qnite separate from them in the duty they have to perform, viz., 
clearing the vessel from tfae water which by any circumstances has 
got into the ship, endangering her buoyancy and efficiency. 

I need hardly remind yoo of tfae perilous position of a steam- 
ship to whose engine-room tfae sea has got access, beaten the pumps 
by choking the strums, washed up the stokehold plates, and is fut 
putting out tfae fires ; tbe engines meanwhile, for want of steam, 
only just turning over the centres. 

The end of socb a ship is not far off if she is distant from port 
and tbe gale does not moderate. 

The slow speed of the engines rendete tfae bilge injection con- 
nected to tfae circulating pump of little effect, and not to be 
depended upon (the strums in most cases being in an inacoessible 
position and choked), and baling, even if resorted to, is seldom of 
much use in a gale of wind. 

Many of yon will no doubt say, " In a well regulated engine- 
room this shonld not occur," and 1 agree with you; but before I 
have concluded my remarks on the subject, I think yon will 
acknowledge that, althoogb an experienced and oarefol engineer 
may have charge of tbe eDgine-room, and may have in force good 



regnlations for the same, be ma; under certain circumstances be 
completely beaten, owing to defective coDoections and arraDgements 
of the bilge pumps and strums, althongli on the tracing of the pump 
sod pipe arrangenients of the vesael tbej may appear to be nice 
and aSective. 

In looking into this snbjeot I would like to take yon back to 
the time when the st^amsbipB of this country were constructed of 
wood, and some noble specimens of naval architecture they were, 
but many of them had a fault which is not ulten found in an iron 
vessel, they leaked ooosiderably through straining when in a sea 
way, and this water had to be kept under by the bilge pumps and 
bilge injection, led into the condenser. The bilge pump in these 
vessels was a pump therefore of much importance, and required to 
do its work vith as little trouble to those in charge as possible. 
The engines most in use at that time were of the side lever pattern, 
and the bilge pumps were bolted on the wooden floors of the vessid, 
and worked from a stud iu the side lever a little out from the main 
centre. It was an open-mouthed pump with a solid packed piston, 
having an eye on the top of the piston, to which was attached the 
rod, coupled at the upper end to the stud in the side lever of the 
main engines. The valve chests were oast on the pump seat, and 
hinged valves were fitted to the chests. A pipe on the suction side 
led into the bilges, on which was fixed a strum, and the dischar^ 
was carried up the side of the vessel (generally above the load water 
line) and discharged overboard. 

The solid piston, which worked generally low down in the 
pump, forced out what air got access to the pump through the dis- 
charge valve, and left very little windage in the pump, and the 
pumps being placed so low down, they were from this cause pretty 
effective, and did not give much troable. 

Should the strums choke, they were easily got at hy lifting a 
plate of the starting platform which was placed low down between 
the engines. 

TSew ideas came in with iron steamers, and new designs of 
engines, and it became the practice to attach the feed and bilge- 
pump of the plunger-pole pattern to the air-pump cro8S*head of ue 
engines. This made a prettier engine, and if carried ont with a 
view to the effective working of the pumps, nothing could have 
been said against the design or arrangement; but, looking back 
now over a long vista of years, much can be seen to militate agaiost 
the good working of the pumps. 



In many oafies the Yslve chests were placed at a distance out- 
ndfl the side levers and coaneoted to the bottom of the pumps by a 
pipe between them and the ralre chests. This arrangement, 
althoagh looking well od paper, and possessed of the adrantage of 
having the Talve-chest outeide of the working of the side lever, had 
this defect, that the windage around the plonger-pole of the pump, 
and in the intervening length of pipe to chest, was so great that the 
pump would oontinu^ly cease to work when most required, owing 
to the pnmp becoming charged with air ; and this, to suoh an 
extent, that in bad weather, an engineer's attention was almost 
wholly (if not quite) taken up with the duty of clearing the vessel 
of the water which in so many ways, through low iFreeboard, coam- 
ings, &C., got into the vessel, and resource had frequently to bA 
made to the oondenser bilge injection. 

With the advent of screw steamers the defects in the construc- 
tion of bilge pumps hare not been entirely eradicated, but have in 
some oases been intensified by the sole or foundation of the engines 
being raised to suit the centre of the shaft, thus also raising the 
bilge pump to a greater height from the water they have to clear 
out of the veesel. It may be noted here that the plunger-pole 
pump is the worst form of pump that can be made for the puiriose 
of raising water from any depth below its level ; and when used for 
this purpose, as it is, in steamships, it should be so designed and 
arranged in such a manner (as it Has been graphically expressed by 
Mr. J. McFarlane Gray, one of your Vice-Presidents) that all the 
water in the pump should run out through the valves and barrel of 
pump, and the pump be left empty when tamed upside down. 

This can only be the case when the outlet or discbai^ valve is 
placed close to the neck of the stuffing box or upper part of the 
pnmp, thus clearing the pump chamber of all air at each down 
stroke of the pnmp plunger-pole. 

You will naturally ask : " What shall we do with pomps 
already fitted, and which have the defects pointed out in this 
paper P" 

A ready remedy, and one that do doubt many of you have 
found out, can easily be applied to a defective pump, if the valves 
of the pnmp are in order, viz., by fitting a small non-return pet 
ralve in the position under the neck of the stuffing box, thereby 
allowing ttie air to be forced out at each down stroke of tbe pump 
pluDger-pole in the same manner as would be the case if die dia- 
charge valve chest was fitted in its proper place under the neck of 
the stuffing box. The arrangement must be valvular, so as to pre- 



vent ratum of Kir to the pump oa the opetroke. Liniag the pump 
barrel to fit plunger-pole is a UBefal remedy id case of bad arraoge- 
ment of valve chests, aa it redooes ttie wiadage of the pamp around 
the plunger-pole, and increases the efficiency of the pump. 

I DOW come to the second part of the paper, vis. ; — ^Pnmp 
Struma ; and will not detain you much longer. It has been the 
general practice to fit these on the lower end of the bilge pipes 
between the floors of the vessel as close to the bottom as possible. 
Thia arrangement, although it may look well on a tracing of the 
pipe arrangement, has very serious defects in practice. Id some 
cases the strums so placed arc most difficult of access even in har- 
bour or io smooth water ; but in a seaway, with a little accumula- 
tion of water in the bilges, it is a matter of almost impossibility for 
a man to remain at his post and keep the strums clear. 

This, in my opinion, should not be. All stnuns should be 
reasonably accessible, even when some water may have got into the 
bilges. Inaccessibility of bilge pnmp strums has, I am mu^ 
a&^id, led to the loss of many a vessel end her crew. To remedy 
this defect, in fixing stnuns of bilge pnmps they should, in my 
opinion, be fitted above the engine-room or boiler platfurms, with a 
straight, open-mouthed pipe led into the bilges. Tbis would avoid 
all necessity for men crawling below platforms to get access to 
strums, or getting wet by the splashing of water in the act of clear- 
ing the pump strums, a result which I am sure yon will all agree 
with me is much to be desired. At the same time it would conduce 
much to the safe^ of the vessel, by the engineers in charge having 
a better command of the pumps and their strums. 

A design of a mud or bilge box for a new steamer is shown, 
horn which it will be seen that the whole of the work of cleaning 
the strum is performed above the engine or boiler platforms. 

Enlai^ed views of the mud or strum box are also exhibited. 



MR. WYMER'S REMARKS IN ADDITION. 
I have brought here to show yon a design of the strum boxes 
which have been made for a new vessel. This is the strum box 
fitted above the engine bed plates. The object which I have iu 
view, and which has concerned me most, is to have more easy access 
to, and more facility for, clearing the strums. You can all picture 
in your minds the bilge pumps being choked, and the engineer 
going down to out the pipes ; why it is a foregone conclusion that 



tlie TMsel will be lost if the struiDB will not work. I luiTe in my 
mind's eye iost now a reasel which came into Falmoath a little 
time ago with water OTor her stokehole plates and on her beam 
eoda. The strums were fitted under the engine-room, and when 
I asked the engineer where his strums were, he went to the other 
end of the engine-room and got a man to go down and orawl about 
16 feet ander the flours to get at the only one in the engine-room. 
I think that if we could get the strum fitted above the engine-room 
floors it would be a great improvement. Another vessel I went on 
board, I found the strum under the fore eooentrtc ; and in another 
vessel they were fitted under the cranks. I think that you engi- 
neers cannot be too careful on this point, as you are the men whose 
certificates take the ship to sea ; and, if anything goes wrong after- 
wards, you are responsible for it 



CHAIRMAN'S OPENING REMARKS. 

(Mr. W. J. CRAIG). 

You have heard Mr. Wymer's able paper on bilge pumps and 
strumf. There are a good many of you here who have had a great 
deal to do with them, and yon are now at liberty lo express your 
opinions and relate your eiperiences. I know from my own experi- 
ence that there are a great many different kinds of these pumps 
fitted, and fitted in various parts of the ship. There are a good 
mnny steamers built under low competitive prices where this subject 
does not get much attention, and where, in fact, a good few seem to 
have no idea where the bilge pumps should be placed. I notice 
a good many of those who " handle the levers " present to-night, 
and snoh a sabject as this is bound to be well within their experi- 
ence, and it will he interesting to hear what they have to say on the 



MR. HAWTHORNS REMARKS. 

There is not the slightest doubt that the bilge pumps and 
strnms give rise to very importast questions. Thete is one very 
painful experience which I had, where we had 9 It. 6 in. of deck- 
load and the balluet-tenk carried away. We got about 30 tons 
of coal into the bilges. The strum was under the centre of the 
engine-room, and we could not get to it without going down the 
crank pits. I was on board that ship for five days withoat food, 
and had to be carried out of thft engine-room at last utterly 
exhausted. The fir^nen bad to carry the ooal along the bilges 



and tbrow it into the fires as best they oould. I am atroogly in 
fayonr of having an open-ended bilge pump-pipei with the rose on 
the eogine-room platform, as sfaowa on the diagram. 



Mr. Bowe. — Would Mr. Wymer show by a rongh sketch 
what ho referred to about his method of expelling the air from the 
bilge pumps P 

MR. JAMES ADAMSON'S REMARKS. 

We are indebted to Mr. Wymer for his presence here to-night 
and for the Paper be has read to us on a subject which though too often 
made light of, is of rery great importance not only iu the economy 
of the engine room, bat also in r^ard to tbe lives and property 
hazarded on the sea. 

We have all donbtUss ezperienoed aome of the discomforts and 
dangers due to what has been referred to ; it is no pleasant duty to 
lie in the bilges, becoming for the nonce amphibious animals, 
with the engine-room half full of water, in efforts to clear the 
rose boxes and bilge pipes. Some years ago it was my lot to be 
caught in a typhoon in the China seas ; heavy seas were shipped, 
and with the pitching and rolling of the vessel all the loose coal and 
debris were washed mto the bilges, resulting in the choking of the 
pump suctions, and a man being stationed at the rose boxes to try 
and clear them. It was a hopeless task; the pipes bad to be cut; this 
helped the pomps for a time, but soon proved loeffeotual, and in the 
meantime tbe water gained upon us ; the stoke-hold plates were 
washed up and tbe finng tools joined them in tbe race tram port to 
starboard and starboard to port with every roll of the ship. Hand- 
to-hand firing was resorted to, but with the water lashing into the 
centre fires, steam could hardly be kept to move the engines 
round. In the meantime the ash backets were being used to assist 
the pomps, and by hard work and nnfflaggti^ enei^ the sea was 
held at bay till the violence of the storm was past ; the ship was 
saved, but by a narrow majority. 

The scene next day in the engine-room and stoke-hold, as well 
aa on deck, was desolate in the extreme, chaos was rampant, bot 
soon order was restored and we proceeded on our voyage. I carry 
with me to this day, as a memonal uf the event, an impress from a 
stoke-hold plate, a token which I afterwards found useful as a 
reminder when designing bilge pipe arrangements in the drawing 
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office, where I think most of the fault lies, Bnd vhere also the 
results of discnssions such as these may, with advantage to all, be 
considered, and the defects and disadvantages experiecoed at sea be 
rectified in following steamers. 

MR. GRAY'S REMARKS. 
I will just point ont to yon one or two faults in these mud- 
boxes, in which I think yon will agree with me. I bare sometimes 
asked engineers to show me a sketch of the very best mud-box they 
could make, regardleaa 0/ expense, but few of them seemed to awaken 
to the conviction of the importance of mud-boxes. Some pat the 
rose-plate in the middle, others put it in such a position that the 
SQotion of the pump was on the reverse side to what it should be. I 
think, widi Mr. Wymer, that this question has only just begun. 
The mud-box and rose-plate, yon see, Hr. Wymer puts on the top 
of the platform. Most engineers put it at the bottom of the ship, 
but it ought to be above the platform ; otherwise, when the rose 
gets blocked up there is great trouble in clearing it These mud- 
boxes were introduced a long time ago. The first mud-boxes I 
ever saw were in the Oneida, sailing from Liverpool with cavalry for 
the Crimea about 1854. A. Lo^n took out the patent for it, acd I 
think A. & K. Brown made it. His idea was to keep the mud-boxes 
high up ; and I think it was a very good one. There is one thing in 
connection with pumps I woald here refer to, and that is, whether 
the connection to the feed pump ought to be on the middle or bottom 
ofthobarreL Host engineers say the bottom of the barrel. I should 
like to hear an expression of opinion on this. You all know how 
important these pamps are. When bilge pumps are tasked to their 
utmost there is generally a great demand for presence of mind and 
calm judgment in the engineers. Without that the beet pampa 
will sometimes not be sufficient to save a ship. A remarkable in- 
stance of this was onoe brought under my notice, and as I think 
that the lesson it teaches is very important and obvious, I vrill 
toll you about it There was a 8t«uner lost some years ago 
through water being admitted to the engine space by the bulkhead 
sluices faster than the pamps could take it The steamer was not 
actually leaking, hut a good deal of water had come on board 
during a gale in the previous night, and some of it had found its 
way to the main hold from above, through holes in the deck. The 
vessel had left the docks a few days before, many feet by the stem, 
exceptionally so, but nothing improper in that The engine room 
was in the after hold, open te the stem pipe, where the hull was 
fine, and, therefore, the water which had hefure been only a few 
feet on the top of the ballast tank in the main hold, when run into 



the engine nwoe, was soon over the flooring plates and the fires were 
pat out. There was a heavy swell on after the gale, which had 
now subsided, and the steamer rolled very mach, and the flooring 
plates were washed about, and by that the ashes cook pipe was cut 
and a real leak produced. This was not attended to by those who 
ought to have done so, and the water continued to rise, the stem 
becoming more aod more immersed and the bows more elevated, 
until she sank stem flrst about five hours after the bulkhead sluices 
were opened. 

A horizontal pnmp, with the suction valve and discharge valve 
both above the barrel, on the same level, the suction valve opening 
downwards, is an excellent form of bilge-pump for drawing throogD 
a great length of suction pipe, or from a considerable depth. This 
is the best form for a salvage pump. Suoh a pump can never 
become dry through the valves bemg temporarily ga^ed. 



MR. HAWTHORN'S REMARKS. 
I notice that it is considered by some that the suction should 
be kept as high up as possible in the pump. I cannot understand 
why the branches should be kept high ; you are bound to lose 
water between the suction pipe and bilges. It has su^ested itself 
to my mind that packiLg rings might oe fitted on the plunger, say 
three rings iu the lengiti, and also have the plunger bearing on 
the walls of the chamber the whole way in place of merely at the 
neck and gland bushes. As to windage, waich has been referred 
to, are we to assume that the barrel is full of air, and you hare to 
pump this up at each stroke f I cannot see any great benefit from 
having the valve-box at the top of the pump in place of at the 
bottom. 



MR. SOMMERVILLE'S REMARKS. 

I find it a great advantage to have placed on the main suction 
pipe a vacuum gauge, because the engineer on watch can see im- 
mediately how the pumps are acting. When the pumps are working 
well the gauge usuall^ stands from 12 to 15 inches, but should it 
remain steady at 16, and the water rise in the bilges, it shows him 
the pipes are choked. On the other hand, should me gauge indicate 
no vacuum at all, it shows him he has neglected to shut some cock 
leading to the various compartments of the ship, or that something 
is preventing the valves from working. 
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My engineers tell me that it saves them a great deal of troable, 
and they wonder it vas not thought of before. I quite agree vith 
Ur. Wymer that all bilge pumps should he fitted with an atmos- 

?heno valve, so that the plunger on its down stroke expels the air. 
have also tried this, and find it acts admirably. It surprises me 
that all bilge pumps are not fitted with one of these valveSi throogh 
which, automaticelly, the air may be expelled. 

Some time ago I desu;ned a simple method of clearing the 
roses in the various holds when the ship is full of cargo, and there 
is 00 other means of getting at them ; and I submit to you, Gentle- 
men, a tracing of the drawing, which requires no explanation, as it 
is so simple. In my opinion no ship ought to go to sea without 
some apparatus after this style, whereby the engineer has a safe 
and sore method of clearing his roses without putting bim to any 
inconvenience under any circumstances. 

Twenty years ago I encountered a cyclone in which 16 ships 
were lost or driven ashore between Point de Galle and Madras. 
■The engines were of the oscillating geared hrpe, and the cylinders 
were anusnally low down, the bottoms merely clearing the frames 
of the ship. As the cyclone increased, the ship, being very light, 
rolled heavily ; in fact so much that the little water we had in the 
bilges displaced the stokebole and engine-room plates. Of course, 
a certain amount of waste snd coal-dust got in the roses and choked 
the pumps, and we found it impossible to Keep the roses clean, owing 
to the curious position in whicii they were situated. As I had been 
in the engine-room 16 hours my chief ordered me to get some rest, 
and they would do their best till I was called. When I took my 
watch in the morning the water had incressed in the bilges so mutm 
that the bottoms of the cylinders were osciUating in water nearly 
up to the fourth of the length of the stroke. As we saw that the 
fires would undoubtedly soon be extinguished, and the ship of course 
become helpless, the cbief and the other engineers and myself had 
a consultation together, and I suggested we should disconnect tbe 
pipes, take the roses from their places, and then put the pipes in 
their former positions, and try that plan. And in a short time we 
were recompensed by seeing the pumps work admirably. By 8 a.m. 
the bilges were pumped dry and the ship safe. From that day till 
two years afterwards, when I left her, we did without the roses and 
strum-plates, and every ship I have been in since I have made a 
practice of disconnecting the roses and strum-platos, because it does 
away with a deal of labour, and keeps the bilges dean by pumping 
overboard, with the water, the sediment which usually forms in 
bilges. Of course. Gentlemen, you know the strum- plates act as a 
sieve, and the water being pumped through them, it allows the 
clean water to go overboard and lieaves the sediment in tbe bilges. 



MR. QRAY'S REMARKS. 

I think Mr, Sommerrille has misanderstood me. When tlie 
plunmr IE dovn there should be nothing but water in the pump, 
and the up>stroke of the pump then forms a vacuam into vhidi the 
water mahes. Ima^ne a pomp filled with water between the 
suction Talve and diBcbai^ Talve, and imagine the pump then 
turned upside down. In a properly designed pump the whole of 
the water will then leave the pump by the discharge valve. In 
a badly-designed pump there will be a space still filled with water, 
becaoBe it ia now below the discharge ; and when the pnmp is in 
use tfaat space wilt be above the discharge valve. The connection 
to the discharge valves ought therefore to be at the highest part of 
the pnmp chamber. 



Mr, Bbucb. — One remark I would make in reference to the 
suction-pipe rising direct &om the bilge, as shown on the drawing. 
The area between the top of the pipe and the cover seems to me to 
be small as well as the area of the pipe itself. I think it is advisable 
to have a good large area to allow for a good clear waterway. 



MR. ROWE'S REMARKS. 

While on the way to China, in 1863, on board a man-of-war 
frigate, we had occasion to use the bilge injection. Mr. Wymer 
remarked we could not use the bilge injection so well nov as then. 
In the case I refer to clear water flowed readily up the bilge injec- 
tion, I am of opinion there should be, in addition to the uaual 
pump attached to main engines, a special pump fitted on board, so 
that it could be driven at any time and so clear the bilges. The 
mud-box shown to us seems to be as perfect as a mud-box could be 
made, tiie chief advantages of which have been pointed out. We 
ought to endeavour to try and stop all dirt getting into the bilges. 
I tiiink it is a most disastrous thing when you get anything into 
the bilges, such as coal, for instance, I think there is one point 
not mentioned, and that is stability. For instance, when a ship is 
rolling heavily, and goes, say, over to starboard, the pump is ren- 
dered inefiectual, the water also rolls over, and prevents the ship 
righting herself. There should thus be a provision made for reaching 
the water by the bilge pump on both port and starboard sides, as 
well as amidships. 



Me. Thomson. — A few years ago I Iiad a painful ezperience of 
having the rosee in the bilges ohoked. I had frequently to Btay 
below the platfbnn during the greater part of the watch to keep 
them dear. 



Mk. Sohubrville. — I never use the strum. I always take 
it away. I think the [dunger ought to go as near to the bottom of the 
chamber as possible, that is, juat sufficient for clearaooe, and that as 
little as possible. 

MR. WYMER'S REPLY. 
There are pumps aud pumps. The first and best pump I know 
of is the buoket-pump. That pump goes down to the snctioD-ralTe 
and takes air and water, lifts it up to the tep, and disdharges it over 
the top of the pump. The next is the plunger pole pump, if it is 
so oonstructed that it ntus itself dear of water when it is turned 
upside down. Always make the dischai^ tsItc at the top, next 
to the stuffing-box. The uext is ihe double-acting pomp. 

I listened to Mr. Hawthorn's remarks with reference te water 
in his engine-room, and think he had plenty of it on that occasion. 
I have been a week witiiout bed, while at sea, but not fire days 
without food. Mr, Gray has given us all a great many things to 
think about, and we all owe a great deal te him for them. He gave us a 
very graphic description of the La Plata's loss. I hope no engineer 
would aUow a l^inch pipe to be cut without blocking it up. 
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PREFACE. 



The Lanothobhe Roous, 

Stb&TPOBD, October 19th, 1689. 

A meetiii^ of tlie Institute was beld here this evening, when Mr Joe. 
WilUamB read a Paper on " Forced Draught," as given — followed by 
by the diBCusaion which ensued — in the following pages. 

The subject of which the Paper treats is of considerable importance, 
and has many »des and many side issues ; it should not, therefore, be 
allowed to rest here, but be continued in another Paper, for which there 
is ample material. As a strong deeire exists that " Forced Draught " 
should be the title of an early Paper, it is hoped that members will keep 
the subject before them, with a view to contribute to the literature of 
the Institute, and to the general good, on this subject. 

The attention of members b called to the Reading Room and 
Library, which are open for their use every evening from 5 to 10, 

The First General Meeting will be held on Friday, 1st November, at 
7 o'clock, in the Langthome Rooms. 

A Conversazione for Members and their personal friends will be beld 
in the Town Hall, Stratford, on Friday, 6th December, at 6.30 p.m. 
Tickets (2/6 each) may be had on application to Mr Leslie, Convener of 
the Recreation Committee. 

The Annual Meeting and Election of OfBce-bearera will be held in 
March. 

JAMES ADAMSON, 
HoH.S«eg. 
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CHAIRMAN'S OPENING REMARKS 

(Mr JAMES ADAMSON). 
The paper for diecuBsion to-nigfat ia a very long one, but I think we 
shall have full; an bonr for diBcussioii after it has been read. I will 
mere); introduce Mr Williams, and without lose of time ask him to read 
the paper be has prepared, and, I may add, has come direct from Bir- 
mingham to rc»d. 

FORCED DRAUGHT. 

The advantages which may be derived from the use of a fan or other 
mechanical means to supply the necessary amount of air requisite for 
the combustJou of ordinary fuel in steam boilers was long ago recog- 
uised by some of the highest sdentJGc authorities ; but only within a 
comparatively recent period has it received much attention on the part 
of practical engineers. 

This is perhaps owing to the fact that foreign competition has only 
recently made itself felt among the users of steam power at home, and 
economy in every department has to be studied to enable them to 
compete successfully with their foreign rivals ; and as the successive 
improvements which have been introduced in connection with the steam 
engine continually lessen the margin of progress in that direction, there 
has of late been more attention given to the boiler than it has 
hitherto received, and it is probable that the intelligent amplication 
of forced draught to steam boilers generally, and marine boilers par- 
ticularly, is likely to mark an important advance in the direction of 
economy. 

All boilers whose furnaces are supplied with air by mechanical 
means, or by means additional to the "natural draught" induced by 
the current of hot gas in the chimney, are usually spoken of as working 
with forced draught, and it is in this popular sense that the term will be 
used in this paper; but, strictly speaking, I think that the term 
" Forced Draught " should only apply to those instances in which the 
rapidity of combustion is in exceee of that usually obtained with natural 
dnnght 

There are several methods by which the principle of forced combna- 
tion may be carried out, and among the principal, or hitherto moat 
commonly adopted, are : — 



FHr»t, Heating tbe air snpfdy before its iotrodncticHi to tibe fuel bj' 
ntilinng Hba heat remaining in tbe hot gases after their passage throa^ 
tbe tubes of the boiler. This idea has been carried out io great perfec- 
tion of detail by Mr James Howden, to whom has descend^ the mantle 
worn b; the late Mr Wye Williams, who preached the "gospel of 
CombnatJcm " with untiring aagiduity about half-a-centory aga 

A modification spedally adapted to the coovereioo of boilers original! j 
de&gned for natural draught, or to new boilers where tbe space is too 
limited to permit an air-heating chamber, is the introduction of air to 
the fires direct from tbe fan through an air casing on the front of tiie 

boiler. 

This plan, with various adaptatitms seems to be growing in favour 
in the North of England, and though other claimants exist, I believe 
it is generally c<»iceded that Mr Howden originated the use of the 
casing on tbe front of the boiler for conducting the air to the fireft 
and utilising the heat radiated from the front portion of the shell. In 
this arraDgemeot the admisaon of air to the fuel is through valves, a 
system which permits tbe attendant to regulate the rate of combustion 
hj controlling the quantity of air admitted separately above and below 
the firebars. 

A/iot/ier method of forced draught is by supplying the air under 
pressure to the ashpits of the furnaces : this is a very old way of apply- 
ing the principle, and I believe was first used, other than experimentally, 
in America, where It may still be found in operation on board some of 
the river boats. 

This system does not appear to have been very successful on 
this side of the water until taken in hand by Ferrand, and under 
the style or title of the Ferrando system seems to have met with a 
certain measure of success in burning small and inferior classes of 
coal i but so far as I can learn there ia very little reliable mformation 
acces«ble to tbe public in connection with it, and from what I could 
gather during an inspection on board one of the ships fitted with it, and 
a talk with the engineer in charge, its success seemed to be largely doe 
to the very practical manner in which all the details for working have 
been arranged. A noteworthy feature was the insertion of a glass in 
the ashpit door. I felt sure on seeing it that this peephole bad been 
the salvation of many firebars. 



A third ynj of increasing: t^ bcxler power hy ntfnd combuetioti is 
that kDovn as the closed stokehold sTstem, which haa been eo exten- 
sively adopted in onr own and other Oovemment ships. To practical 
sea-going engineers it ie difficult to account for the preference shown 
by the authorities to this over some of the other methods. 

Tbe evil results likely to follow cleaning fires with moderately dirty 
boilers must be apparent to most practical men, and I thmk it is difficult 
to imagine worse treatment to a boiler than to permit a volume of cold 
air under pressure whose area equals that of the fire-door to rush into 
the back end of a hot boiler. It is doubtful if any boiler could be con- 
structed to remain tight under such treatment very long, and it is not 
probable that high rates of combustion (for lengthened periods such as 
obtain in foreign-going merchant steamers), and the full advantegee 
derivable from a reduction in tbe size of the boilers which this renders 
possible, will ever be satisfactorily realised with a closed stokehold, unless 
means are adapted to prevent the inrush of cold air when cleaning fires. 

I noticed on board the City of Paris, before that ship left Glasgow, 
that some provision had been made for this, and it would be very interest- 
ing to know the result. I have Uttle doubt that it is a stop in the right 
direction to enable boilers to work for lengthened periods in a closed 
stokehold at high rates of combustion. As far as I am aware, the Ci^ 
of Paris was the first ship with a closed stokehold whose smoke-boxes 
are separated and fitted with dampers in the uptake to regulate the 
emission from, and consequently the air admission to, each furnace when 
cleaning a fire. 

Prom the manner in which the working of these dampers was arranged, 
I felt that possibly the engineer on watch would have to look after the 
firemen when cleaning a fire, to see that they made use of tbe appliance, 
as it would be difficult for them to resist the temptation of leaving the 
damper open if, when cleaning a fire, such a course would add to the 
comfortable performance of that always trying operation. 

Tbe latt, but by no means the least, I shall mention will be tbe 
system of mduced draught by causing a partial vacuum in the uptake 
by the use of a steam jet or fan, or ite equivalent. Tbe steam jet under 
various forms is probably the nmplest, most widely adopted, and best 
known method of increasing the activi^ of the fires by quickening the 
draught; but its use is out of the question in marine boilers, wbers 
economy is a primary consideration. 



Od the other hand, I think th&t exhaaatJDg the uptake by ntecbanical 
means has mnch to recommend it, and perhaps I may aay that the moot 
painstaking, scientific, and extended series of obeervations relative to the 
combustion of fuel under steam boilers ever undertaken under practical 
working conditions, and placed at th<^ disposal of the public generally, 
has been in connection with this system in America ; and the substantial 
lesson taught to the observer seems to have been the utility of heating the 
air supply before it enters the fumaoe ; and after trying various more or 
leas well-known means to obtain economy by the employment of air jeta 
above the fuel, he (J. G. Hosdley, Esq., antiior of " Warm Blast Steam 
Boiler Furnacee,") sums up thus: — " Aude from the one conB^acuoos 
saving by returning to the furnace in a wann blast a part of the beat of 
the gases of combustion after they leave the smokebox, no gain of so much 
as 5 per cent over reasonably good ordinary practice can be so mnch as 
fairly hoped for." 

Again, in another place, speaking of a warm blast apparatus 
(not Mr Howden's, I may remark, but mmilar in prindple), he 
says : — " This warm blast apparatus seems to afford a means of 
securing a nett saving of 10 to 18 per cent, over the best obtainable 
practice with natural chimney draught and with air supplied to the fur- 
nace at usual external air temperatorea." 

But apart from the experience of otliers, inducing the draught is to 
me deddedly preferable to closing the stokehold, though one of its most 
objectionable features is common to both — that is, the absence in any 
of the present anangements to efficiently provide against the strong 
current of cold air rushing through the furnaces and tubes when cleaning 
a fire; but I do not regard the provision of a remedy for this as 
offering insurmountable difficulties. 

The advocates of induced draught r« ite aj^Ucataon to marine boilers 
point to the results obtained with this system m locomotive boilers 
ashore; but they do not pcAnt out that the working conditions of the 
two types of b(»Iers are very different, as the locomotive boiler fire is 
never cleaned when gomg full speed, because the runs are made abort 
enough to pennit this operation to be done during the intervals when 
the engine stops at a station. 

A fan for inducing the draught would probably require to be mnch 
larger, or run faster, than one fordug it, as the products of combustion 



would be more bulky than the volume of air entering the furnaces, and 
the temperature of the gaaes dealt with would place the working 
oonditionfi of the fan at a disadvantage ; but an open stokehold is a 
much more comfortable place for men to work in than a close one, and 
in discDBsing the reladve merits of any system I don't think that what 
an eminent North Country ei^^eer calls the "human factor" should 
be entirely eliminated from our condderation. The dangerous conditions 
which men work under in close stokeholds have furnished some startling 
illustrations recently ; the details of some of them may be learned from 
the newspapers. 

I have had opportunities in various parts of the world of seeing 
many of the systems of forced draught which have been fitted in 
steamers for the purpose of increasing the boiler power, or of economis- 
ing fuel. Some of these displayed a considerable amount of perverted 
ingenuity. 

One which came under my notice enabled (he ship to bum 18 
per cent, more coal on a knot less speed ; in another one elaborate 
and expensive apparatus was empktyed to quicken the draught by 
sending a jet of cold air into the funnel somewhat in the form of a 
gigantic steam jet about 9 in. in diameter. Perhaps it la needless to 
add that this unique method of cooling the funnel failed to produce the 
effect intended by its sanguine inventor. I have been in some very 
diSMmilar ships whk;h were fitted with forced draught on Ur Howden's 
system to eifect the same objects as the foregoing. Some of these 
riiips were of the type usually described as ocean tramps, others were 
passenger ships ; and my experience leads me to believe that it is well 
adapted to all classes of ships. 

The arithmetical proof which I have seen and heard so often of the 
small gain derivable from moderately heating the air supply would be 
more convincing to me if I had never observed the effect which this 
beating produces in quickening the combustion, or if I had never seen 
equally satisfactory proof given (with figures) to show that steam could 
be as economically expanded in one cylinder as in two or mora, but 
BCHne shipowners had the temerity to adopt multiple cylinder engines 
in spite of the figures, and the result has been the same as it has been 
in the majority of those ships where Mr Howden's system has been adopted 
and placed in fair com[iarison with other ships doing the same work. 
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My first acquaintaDce with draught produced by mechanical means 
WHS with two large boilers constructed to work at 100 lbs. pressure witli 
natural drought, and after working under these conditions about four years 
were subsequently among the first of thoee which have been fitted with 
apparatus to work with forced draught on Mr Howden's system. Each 
boiler was 1 6 ft. diameter and 1 ft. 6 in. long over alt, conUuning 284 tubes 
3( in. diameter and 7 ft. 4^ in. long, or 7 1 tubes to each of the four f urnacea 
'the heating surface was about 2400 sq. ft., and grate surface about 
80 sq. ft. to each boibr. These proportions enabled the boilers to 
maintain steam steadily for ordiuary compound engine:^ indicating 1300 
horse-power on a consumptbn of 26 tons fairly good Welsh coal, so 
tb&t there was not anch a large margiu of possible improvement to work 
upon as would be the case in a less economical boiler. \Vhen the 
alteration was made the grate surface was reduced oue-tbird by Bubsti- 
tnting shorter firebars. 

The exceptiouHl nature of the coal (received at Birken1ie»d) made the 
result obtained on the first outward voyage to India lew favourable 
than was expected; but as this ship had never burned North Wales 
coal before, any estimate of the efficiency of the alterations would be 
quesUonable if based on this in the absence of more comparative data. 
Not so with South Wales coal, which was the principal fuel burnt in this 
ship before the alterations, and my estimate of the utility of these is 
based on comparisoDS drawn by observing the consumption of South 
Wales coal under the different conditions. The Vauxhall coal taken at 
Birkenhead, and burned as far as Port Said, contained the very large 
proportion of 30^ per cent, of volatile matter, or about 30 per cent, more 
than South Wales coal ; and as the area for admitting air above and 
below the fuel was proportioned for the latter coal, it may go acme way 
to account for the disappointing nature of the results obtained with the 
Vauxhall coal, though the oonsumption of 1-9 lbs. per indicated horse- 
power per hour is less, I think, than could be obtained in the same ship 
at full speed with natural draught. 

However, with the South Walescoaltaken at Port Said, the consump- 
tion was 1 -75 lbs. per indicated horse-power, and I was enabled to report a 
saving of 8 per cent, in favour of the forced draught j but the numerous 
air leaks in the casing and around the air-heating tubes led me to expect 
a better result after they were stopped. This belief was justified duiing 
the homeward voyage after we bad straightened things up a bit in 
Bombay and Eurrachee. On leaving the latter place for home we 
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received orders to go at 9 knots, and the coDsumptJon of South Wales 
coal taken on board at Perim, and therefore not very fresh, was at the 
rate of 1-64 Ibe. coal per indicat«d horse-power at this reduced speed 
when indicating^ 925 horee-power. On arrival at Port Said we received 
orders to go full apeed to Malta. We could easily have maintained 
more, but I kept the power down to 1300 for the purpose of comparing 
the consumption under tlie conditions which usually obtained with 
natural draught. I measured and weighed every pound of coal put on 
the fires during 12 hours, and the result was 26,240 lbs. burned in that 
time. The power indicated was 1306, giving 1 -67 Ibe. coal per indicated 
horse-power per hour, and a rat« of combustion of 20 lbs. per sq. ft. of 
grate area. The boilers had been under steam 20 days at this time, 
and with the same ooal would bum 1-9 lbs. per indicated horse-power 
with natural draught when maintaining the same power. 

This 12 per cent, gain, I thought, was a very encouraging result, 
especially in face of the fact that a large number of the air-heating tubes 
were still leaking, which we had neither time nor tools to repair in 
Knrrachee. During the voyage we had some trouble with the firebars, 
owing to the very limiteri area for admitting air between them, and the 
small air pressure available to make up for the deficiency. The bars weie 
■^ in. thick with -^ in. air spaces between them, and this after a few days' 
steaming was found insufficient to allow the air to pass freely to the 
fuel ou the bars, eE^>ecially for fuel containing such a large proportion 
of volatile matter as the Yauxhall ; and after carrying out the orders I 
received to space them an ^ in. further apart, they bent mdeways owing 
to the lack of lateral support against each other at the middle of their 
length. 

There is little doubt that thin bars are the best for high rates of 
combustion, as they will remain uninjured where thicker bars would 
surely bum. This is because the receptive area bears such a small 
proportion to the dissipating area in thin compared to thick bars. By 
" receptive area " I mean the area of the top of the bars on which the 
glowing fuel rests, and through which the heat is principally conducted 
to the rest of the bar, and dissipated by radiation and conduction from 
the ^des of the bars to the air passiug between them. This dissipating 
surface is practically the some in bars of equal depth, while the receptive 
area varies in direct ratio as the thickness of the bar. 

The principal objection I have heard urged agabat thin bars is the 
impossibility of usmg a pricker without breaking them ; but with a closed 
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aehfut a pricker does more htuiD than good, and I have burned SO lbs. per 
sq. ft-per hour without aeing it. The Buccesa which has been obtained with 
similar bars to those mentioned but with wider air spaces, under exactly 

amilar conditions, shows that this was the right sort of firebar to use if 
more air space had been allowed — say a apace of a ^ in. 

For the preservation of the bars with a closed ashpit it is important 
to pay attention to the manipulation of the valves for admitting the air 
above and below the fuel, and while the air pressure is on it is neoeesary 
to see that one of the bottom valves is always more or less open at the 
same time as the top one, otherwise the air blowing on top of the fires with 
no draught underneath will cause injury to the firebars by overheating 
them. Care should be taken to rake out the ashpit inunediately after 
cleaning a fire, so as to keep the ashes well away from the bars. The 
firebars should be fitted tight sideways, and aft«r putting in a set of 
bars, say J in. thick at ends, it will be frequently found that after getting 
in as many bars as possible, a space will be left perhaps { in. wide. 

Instead of adopting the usual plan of distributing this space between 
all the bars, it will be found better to fill this space with a couple of thin 
bars, which will prevent the other bars bending. For this purpose it will 
be found useful to carry a set of wrought iron bars ^ in. thick. The 
number required averages about IJ for each fnrnace, or 9 for 6 furnaces, 
and if a little attention is paid in fitting the bars in this manner, their 
durability will be largely extended and water ashpits be found an unneces- 
sary refinement at rates of combustion certainly up to 50 lbs. per sq. ft., and 
probably much higher rates could be continuously maintained if the 
difficulty of removing the clinkers could be overcome. 

In working the fires I have found that a thick fire gives better results 
in ordinary work than a thin one, probably owing to the necessity for 
opening the fire door occurring less frequently, and the fire not bummg 
in boles and admitting an exoessive quantity of air. In large fumaoea 
a fire about 10 in. deep, with a alight slope from fire door to bridge (and, 
contrary to the usual practice with natural draught, thickest at the bridge 
end), will give good results. Care should be taken to prevent any opening 
between the wing bars and the sides of the furnace, as the fires will 
always burn in holes sooner in the wings than elsewhere. 

The great obstacle to the lengthened maintenance of high rates of com- 
bustion with ordinary coal, say rates exceeding 35 lbs. per square foot per 
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hour, is the rapid accumnbtion of cUoker. Al] the movable bars with 
which I am acquainted offer no aoluUon to this difficult?, aa they are 
quite unsuitable for high rates of combustion owing to the receptive 
area I have before mentioned bearing a larger proportion in these than 
in ordinary bars, causing them to get over^beatad, and bum or stick in 
their work. With decent coal an average rate of 30 lbs. per sq. ft. can 
be maintained, with the fires cleaned at intervals of 12 hours. Some of 
the inferior coal, however, burned in steamers of the merchant service 
will not run six hours at this rate. In view of this any contrivance 
which can get rid of clinker as soon as it is formed will be a great step 
in advance) and will enable boilers to be made much smaller than tbey 
ore at present to continuously develop a given power ; and bearing in 
mind the ease with which I have seen* 1^ cubic foot of boiler shell 
develop an indicated horse-power in some of the Clan Line ships fitted 
with forced draught, I confidently anticipata the time when this propor- 
tional capacity of boiler will be accounted a usual standard applicable to 
large marine boilers of the ordinary cylindrical type, and that this great 
saving in space will not be at the expense of the duralnlity of the boilers 
or economy of fuel. 

With regard to the durability of boilers working with forced 
draught, I mnst say that I have seen nothing to lead me to infer 
that high rates of combustion are harmful to the boiler, when proviaon 
is made, as in Howden'e system, for avoiding sudden and violent 
changes of temperature in opening the fire door ; in fact, my own 
experience points the other way, and riveted seams in the combustion 
chamber, which could never be kept tight with natural draught, gave 
no trouble after the forced draught apparatus was fitted. The expla- 
nation which occurred to me was that with natural draught a strong 
current of air passed through the furnace when cleaning a fire and 
impinged on the seams in question, which were in line vrith the centre 
of the low furnaces. With forced draught this current was much less, 
owing to the obstructions offered by the air-beating chamber in the 
uptake and the spiral retarders in the tubee, and this reduced current-of 
air did not chill the seams so much as the stronger current. 

I thmk it is very undesirable for one who professes to believe in the 
utility of forced draught to attempt to discuss the subject publicly without 
taking notice of a leading article which appeared in tjie Engin*er some time 
ago, in which the statement occurs that "all reason, and analogy, and 
experience go to show that forced draught cannot be so economical as 
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natnral dr&ugfht." It is much to be regretted tint sach an extnonli- 
nary and misleftding assertion sbonid remaia ao 1od£^ unooatradictsd by 
one of the many eogiiieers who could have dealt with it in a much 
superior and weighty manner than I can hope to do. Certainly my own 
experience, and also that of other ee^-gcaag engineera I conld nune, 
does not offer any snpport to sach an assertion, as we have seen 
economical resalts produced with forced draught on Mr Howden's 
system which we know could not be approocbed tmder umilar circum- 
stances with natural draught and tbe usual rates of combustion. 

But it would be unfortunate if we were in the predicament of ghost- 
seers, who can only relate their experiences without being able to afford a 
reason to account for the phenomenon they believe they have witnessed, 
and after endeavouring to show that " everyone's " experience does not 
point in the direction indicated by the Enginetr, I will make an effort to 
prove that the statement that " all reason and analogy" is antagonistic 
to the economical use of forced draught rvsts on a dmilarly slender 
basis. I take it that the real point at issue is not that mora heat or 
power can be got from 1 lb, of coal by forced than by natural draught 
uuder any circumstances, such, for instance, as the very slow rates of 
combustion which formerly obtained in some of the old Comiah bdlers, 
but that with forced draught a given cjuantity of fuel cau be made to 
impart a greater percentage of its heat to the boiler, and this in less 
time than can be imparted by it when burned with natural draught 
at the vtual raits of eombuition guch at obtain in marin* boiUri at praetU. 
I will take for an illustration the representative rates quoted in the 
article in question, viz., 15 lbs per square foot with natural draught, 
and twice that quantity with forced draught, which, fortunately 
for my purpose, happens to be about the mean rate of com- 
bustion obtaining in the boilers of the Inman and International Co.'a 
S.S. Ohio. The lower rate mentioned first is that usually obtained with 
South Wales coal in ordinary sea work at full power with natural 
draught, and can only lie maintained for lengthened periods under 
these circumstances, with boilers having tubes less than 30 diameters 
long, and the products of combustion enterirg the base of the fuimel 
at 700° after a few days steaming. 

Now, is it not quite reasonable to conceive that by increasing the 
heating surface by lengthening the tubes or otherwise, and using a fan 
to promote the draught, that the temperature of the eeca^nng gases would 
be reduced by having to remain longer in omtsct with the metal surfaces, 
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and th&t this reduction in tbe funnel losses would augment the 
efficiency of tbe boiler T But a similar result can be obtained in other 
ways, without employing tubes of exceaeive length, by pladng ranous 
impedimenta in the path of the gases between the furnace and tbe funnel. 

This idea has been carried out in several ways, and among them 
Mr Uowden seeks to attain this object by inserting twisted strips of 
steel in the tubes, which practically rifles each one, and causes tbe 
issuing gases to traverse a sfHral path, tending to bring every portion 
into intimate contact with tbe interior surface of the tube before leaving 
it Alter this its temperature is further reduced by passing through a 
number of short tubes in the uptake on its way to the funnel. It is 
around tbe outside of these short tubes that the air from the fan circulates 
and becomes heated on its way to the fire. The efficiency of this process 
in reducing tbe temperature of tbe issuing gases may be judged from the 
factthatthe temperature at the base of the funnel in tbe "Ohio" averaged 
165° Fab. when burning American slack at the rate of 31^ lbs. per 
square foot per hour, with an ashpit pressure of 1^ in., and less than 
400° when burning 28 lbs. Welsh coal per square foot with about ^ in. 
water guage pressure in tbe ashpit It never reaches 500° throughout 
the whole run across the Atlantic with the highest rates of combustitm 
obtained in this ship. 

The principal gain derivable from properly applied methods of forced 
draught is due to tbe greater range of temperature between the furnace 
and the funnel, and tbe smaller amount of beat carried away from tbe 
latter by the products of combustion, owing to their low temperature 
and the reduction in their weight consequent on the more restricted 
supply of air to the furnaces to consume a given weight of fuel when 
worked with forced compared to the quantity found to be necessary 
when working with natural draught at usual rates of combustion, 

Aasuming for our purpose that tiie theoretical quantity of oxygen 
necessary for tbe complete combustion of 1 lb. of coal is contained in 12 
lbs. of air, it is generally admitted that twice this quantity is usually 
required for furnaces working with natural draught under favourable 
conditions, and an eminent authority, who has recently investigated tbe 
matter, states that " it is under-stating rather than over-stating the matter 
to say that tbe average of good practice would show a double supply of 
air." Again be says, " Doubtj) may be entertained as to so large an 
excess of ur as 150 per cent, occurring in practice. In fact, it is very 
common. It is not easy to carry on complete combustion by means of 



natural draught with less than 100 per cent, in excess." Now, with 
forced draught it has been abnndantl; proved that, to say the least, 
equally perfect combustion can be attained with 18 lbs. of air, and if 
the products of combustion be diacbarged into the chimney with the 
same temperature iu each case, the loss due to the heat carried away . 
by the escaping gases is reduced in ratio from 25 to 1 9. In practical 
work this ratio is greater, owing to ti>e chimney temperature being lower 
with forced than with natural draught at similar rates ot combustion. 

Taking the approximate figures given in the Engineer for the spedfic 
heat of the escaping gases, the loss per lb. of fuel with natural draught 
and 700°, assuming that oF the air to be 80° before entering the stoke- 
hold, will be (700 - 80) -23 x 25 x. 3565 unitfl, or about 25 per cent, 
of the total heat of the fuel. Comparing this with an actual case of 
forced draught, with the air entering the fan at the same temperature, 
or 60°, and the products of combustion entering the funnel at 400°, the 
loss would be (400 - 80) -23 x 19 ■= 1398 units, or only about 9 per 
cent, from this cause for coal of the same calorific value. This low 
funnel temperature, with the high furnace temperature consequent on 
high rates of combustion, is one of the distinguishing characteristics of 
Howden's system, and no other system of forced draught is. likely to 
be economical where these objects are not attained. 

Of course, in estimating the net saving effected, the power for driving 
the fan or other appliance used for promoting the draught should be taken 
mto account. In the "Ohio" it takes 10 indicated horse-power to drive the 
fan when burning 3300 lbs. per hour, assuming each indicated horse- 
power at the fan engine to cost 30 lbs. steam or 300 lbs. steam per 
hour, equal to, say, 300,000 heat units, or 91 heat units per lb. of coal, 
or less than 1 per cent of the heat given off by it, leavii^ a net redac- 
tion in the funnel losses of over 40 per cent., and enhanmg the value 
of the fuel about 15 per cent., a result which would be improved if the 
fan was driven by the main engines, as the power driving it would be 
produced more economically. This question of fan driving is beginning 
to attract some of the attention which its importance deserves, and the 
barbarous practice of putting high-speed engines in the stokehold is 
being abandoned after some unfortunate experiences. In some ships 
fitted with forced draught it is probable that a considerable portion of 
the benefit arising from the application of the principle is sacrificed by 
uang wasteful engines to drive the fans. The most perfect installation 
of fan-driving gear I ever saw was on board the Italian steamer I have 
before referred to as bemg fitted with the Ferrando system. 
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From the foregomg it will be seen that it is important to limit the 
supply of air as much as posable, coosistent witji the proper combus- 
tion of the fuel and mabtenaoce of steam. As a ruie this limitation of 
the quantity of air only applies to that portion admitted above the fuel, 
and a practical method of determining its amount is to close the 
upper air valves until a small quantity of smoke ia perceptible issuing 
at the top of the funnel. It will generally be found more economical 
to show a little smoke than none at all ; but some good Welsh coal will 
not show smoke with forced draught with the upper air valves closed 
altogether, but it is always advisable to keep them a little open when 
under way to prevent the furnace fronta becoming overheated. I am 
not acquainted with any simple method of practically determining the 
quantity of air passing into marine boiler furnaces — an anemometer 
placed in the fan discharge pipe is not always reliable, as the velocity 
of the air is not always uniform throughout the area of the same 
section of the pipe, and in a square vertical pipe leading from a fan I 
have observed a difference of pressure, shown by a water gauge, of 30 
per cent, simply by changing its position on the same horizontal plane ; 
on the otlier hand, the quantity of gas discharged from the funnel 
will always contain more or less air, which has leaked through smoke- 
box doors and uptake joints. 

In computing the amount of air pasfung into the furnace. I have 
tried to avoid errors due to leakage out of air casings or into uptakes, 
by estjmating the velocity at which the air passed through the valves 
immediately at the front of each furnace. I am aware that such a 
method can only be approximate, but I think the errors ariKng from 
such a method of calculation will not tend to under-estimate the 
quantity of air passing into the furnace, and the result arrived at will 
be the maximum quantity that could possibly pass in under the ob- 
served conditions. 

For illustration I will take an actual case where the air pressure at 
the fan was 2^ in. in a water gauge on the casing in the front of the 
boiler it was IJ in., the mean pressure in the ashpits was -^ in., and in 
the air boxes above the fire-bars it was -^ in. with the top valves half 
shut. This makes the mean diSerence of pressure between sides of 
valve orifice alxtve the ttars -f |ths, and below the bars -(^ths ; the tem- 
perature of the air in the ca«ng and entering the valves was 206° Fah.. 
or 667° absolute. The volume of 1 lb. of air at any temperature within 
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probable liciite of obeervatinn may be simply calculated with suffident 
accuracy if we assume it to occupy 1 cubic foot for every 40° aijsolute 
temperature ; therefore, each lb. of air at 667° will occupy ^ = ie-7 
cuUc feet. The pressure per square foot represented by every -^th 
difference in the levels of a water gauge equals 0'325 11:^. ; for {^tha 
the pressure will therefore be 0-323 x 13 - 4-225 lbs., and for f^ths 
will equal 3*575 lbs. per square foot. Multiplying these pressures 
by 16-7 gives the height of a column of air at 206° Fab. and one 
square foot in section, whose weight would balance a column of water 
same secCJon aod as high as the difference in levels shown by the 
water gauge. 

And in calculating the velocity of the air passing the valves, 1 have 
used the approximate formula for calculating the velocity of falling 
bodies, viz., Velocity = 8 ^neigm. When the height is that of the 
column of air in question, the velocity in the present case will be 
67 feet per second above the bars, and 61-6 feet per second into the ash- 
pit. As the area for admission through the valves was 0-117 and 
0-372 square feet respectively, top and bottom the quantity of air pass- 
ing will be 0-117 X 67 = 7-839 cubic feet over, and 0-372 x 61 -G - 
22-915 cubic feet under bars, making a total of 30| cubic feet, or 
1 -84 lbs. of air passing into each furnace per second. The coal burned 
iu nine furnaces was 3089^ lbs, per hour, giving 19-3 lbs. of air per lb. 
of coal. If we assume ^ths as the co-efiicient of efflux (perhaps the 
high ratio of perimeter to area of openings wariant more, being If mch 
of perimeter per square inch of area), the quantity of air will be lees 
than 18 lbs, per lb. of coal burned at the rate of 27-8 lbs. per square 
foot of grat« per hour. The temperature of the air entering the fan 
was 77", and the temperature at which the producte of combustion 
entered the base of the funnel averaged 435° during the twelve hours 
in which every lb. of coal put on the fires was carefully weighed. 
The coal burned was a mixture of Webb of fair quality, with Amen, 
can slack of an inferior description, the latter being in proportion of 
about 2.7 per cent. 

As these observations were made when the ship was eight days out 
from port, they will very fairly indicate what may be expected under aver- 
age conditions, and will tend to show that the calculation I have made 
elsewbeie of the possible saving derivable from the use of forced 
draught was not an exaggerated estimate, but a fair representation oi 



what haa already been accomplished under everyday working condi- 
tions. Under suitable conditions these results can be always attained 
in any ship. Among the necessary conditions, and perhaps ranking first 
in importance, is the diameter of the furnace. In deigning boilers 
destined to work with forced draught at high rates of combustion, 
the advantages of a large furnace should not be lost sight of. 

I have often beard expressions of surprise from engineers concern- 
ing the want of uniformity in the results obtained in terms of indicated 
horse-power per square foot of grate on board different ships whose 
boilers contained essential differences in this as in other particulars. A 
boiler with corrugated furnaces cannot be worked as comfortably and 
economically at high rates of combustion as one whose furnaces are 
plain and of the same mean diameter. The effective diameter of a cor- 
rugated furnace for firing purposes is not its iitean but its imallat 
internal diameter, and it is surprising to note the difference which a few 
inches in the diameter of the furnace makes to the quantity of coal 
which can be put on the grate at each firing, and when there are many 
tires fronting each other, as in a fore and aft stokehold, an interval 
of twenty minutes is the least time in which this operation can be 
performed to enable the men to work properly and without undue 
interference one with another, as the fires require " raking," and, 
when getting dirty, " slicing," during this interval, the firemen will 
have to be pretty constantly at work to keep the fires in good order. 

When the average rat© of combustion is 30 lbs. per square foot 
per hour, the actual rate in individual furnaces will vary about 25 per 
cent, each side of the mean, the clean fire burning about 38 lbs. per 
square foot for a few hours, the length of time depending on the qua^ty 
of the coal. Taking the density of the coal when loosely thrown on 
the fire at 45 lbs. per cubic foot, each fire will bum on an average a 
layer of fuel 8 in. deep, the clean fires burning a layer about 10 in. 
deep per square foot per hour. To obtain the best results, the fresh 
coal should not be thrown much past the middle of the furnace, so as 
not to cover more than two<thirds the grate area, which makes the 
thickness of the layer of coal put on this part of a clean fire at twenty 
minute inC«irvalB about 4^ in., and as the fire should not be less than 6 
m. deep before charging (to keep steady steam), the depth of fuel on the 
bars will be 10^ in. after putting on the coal, and this will swell to 
above 12 in. on becoming heated. If the top of the grate bare is 3 in. 



below centre lioe, a space of 11 in. wiU be left between the fnel and 
the crown of & 40 in. fnmaoe, and m; observation le»ds me to infer 
that this is the least diameter which may be expected to properly and 
economicall; maintain with coal of avenge quality for bog voyages a 
mean rate oF combngtJon of 30 Ibe. per square foot per hour, or 33 
indicated horse-power per square foot of grate (when the grate does not 
exceed Ij diameter long) with fairly economical triple engines. 

I am quite persuaded that superior results can be got from larger 
furnaces, as the distance from bottom of furnace to bottom of bara need 
nrit exceed 12 in., and if possible should not be much less, so that any 
increase in diameter after 40 in, may be wholly utiliaed in increaajng 
the distance from the fire bars to the crown of the furnace, and only 
those whose experience has been similar to that possessed by the mem- 
bers of this Institute can be fully alive to the great difference which an 
inch or two here makes to the fireman. To supply 18 Ibn. of air per lb. 
of fuel when burned at the rate of 30 lbs. per sq. ft, the theoretical de- 
livery at the fan at the temperature of 80° would be 121^ cubic ft per 
sq. ft of grate per minute, but it is always advisable to provide a reserve 
of 50 per cent in the capacity of the fan in view of contingencies arising 
from air leaks, increased temperature, different quaUties of coal, etc., so 
that a provision of 160 cnbic ft per minute per sq. ft of grate will be 
found amply enfficient to secure good results. The pressure at which 
this quantity of air should be delivered from the fan depends on the size 
and shape of the air passages leading from the fan into the furnace ; these 
should lead as straight as possible and be of ample area. When heated 
air is supplied to the fires, as m Howden's system, the ashpit pressure for 
this mean rate of combustion may vary from § in. to 1 in., according 
to the quality and structure of the coal used. Small caking coal, snch 
as that burned in the American mail steamers on the return voyage, 
requires about twice the ashpit pressure that suffices for good Welsh 
coab, and, as a rule, the air pressure at the fan may be estimated at 
three to five dmes the ashpit pressure, to overcome resistances due to 
friction and bends in air passages, heating chambers, etc 

Throughout this paper I have mentioned cleaning fires so often that 
I fear its repetitbn may appear tiresome, but I entertam a strong opinion 
that the primary difficulty to be overcome in the continued mtuntenanoe 
of higher rates of combustion than any I have yet mentioned — such, for 
instance, as obtains for limited periods in locomotive and torpedo boat 
boilers— is not to be looked for in the tubes and tube plates (as Mr 
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Howden has already shown how tbese may be kept tight), but in the 
frequency of the necesBity arising for temoving tlie incombustible 
constituente of the fuel from the grate bars to prevent the furnace chok- 
ing up, and to provide free access for the air to the fuel. This operation 
at [H^sent is performed in the great majority of cases id the same primi- 
tive manner aa it was in the da.jB wbtrn men first began to " go down to 
- the eea " in steamships. 

The application of forced draught marked the first important change 
which has affected the operations of the stokehold since steam was first 
introduced, and I have Uttle doubt that the genius of the engineers wbo 
have affected such great and important changes in the engine-room will 
not be baffled by the mechanical difficulty of getting the refuse out of the 
furnace without practically placing the latter /tort de combat while it is 
being done. 

There is another point which I think I ought to refer to, as it may 
tend to correct an impression which may be generally prevalent, since so 
eminent an engineer as Mr Parker, of Lloyd's, gave utterance to it some 
time ago. I allude to the idea that the forced draught apparatus, aa 
fitted by Mr Howden, was not successful until improved upon by and at 
the expense of those owners who adopted it. Mr Parker cit«d the case 
of the " Ohio " as illustrative of his statement, but I can respectfully assure 
him that be was mistaken in this matter, and that no alteration was made 
in any part of the forced draught apparatus except the fan engine, and 
that no expense was incurred by the owners in altering a single detail 
which may have influenced the difference wMch was observable between 
the first and subsequent voyages of this steamer. 

The difference was caused partly by the substitution of more eflicient 
fan-driving gear, but principally by Mr Howden takmg steps to ensure 
that his system was worked in accord with hi« instructions. When this 
was done, the result placed the " Ohio " in the position she now occu- 
pies as the most q)eedy, powerful, and economical passenger ship of 
her size cros«ng the Atlantic. The owners were so well pleased that 
they contracted with Mr Howden to refit a sister ship in a similar 
manner; but before finally deciding on this step, they satiafied them- 
selves by a trial on hoard the "Ohio," under circumstances similar to 
those which obtained during ordinary work. This trial took place 
ahnost exactly two years ago, and will be better described in Mr 
Howden's own published words, as foUuws : — 
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" As ia well known by those experienced in the Atlantic passenger 
service, it is difficult to arrive at a correct estimate of the actual con- 
sumption of the propelling engines when steam is being supplied from 
the mmn boilers at the same time to a large number of ausiliary engines, 
and also for cooking and heating purposes throughout the ship, if the 
total consnmptioD is expressed in terms of the indicated horse-power of 
the main engines only. Being conscious that the more accurately the 
tests were made the more clearly would my undertaking of 1^ lbs. per 
indicated horse-power be found about the actual consumption of the 
main engines at sea, 1 have t>een always most desii'ous of having the 
actual consumption in the ' Ohio ' tested by careful weighing over a con- 
siderable period. The owners of the steamer have kindly favoured me 
in doing this by their superintending engineer, Mr Doran, and assistants, 
using all precautions possible to ensure accuracy, and they have furnished 
me with tabular particulars of the trial from which I give the results. 



" The trial took place on 26th Oct. Ust, under the following circum- 
stances and conditions : — It was made on the outward passage between 
Ilolyhead and Queenstown, and lasted two watches, or eight hours. 
The sea at the beginning of the trial was comparatively smooth, but gra- 
dually got rougher, ending in a gale with the ship running against a head 
wmd and sea. The firemen on first watch had never before worked 
with forced draught, and consequently liad sometiiing to learn. On the 
second watch two of the throe firemen had been in the ship on a pre- 
vious voyage. Three fires were cleaned each watch. Diagrams were 
taken every half hour, and record of steam pressure on gauge mode 
every quarter of an hour. The mean revolutions were taken from the 
engine counter divided by the minutes of the trial. The mean indicated 
horse-power was calculated from sixteen sets of diagrams taken, each 
of which was calculated and recorded separately. The indicated horse- 
power taken is that of the main engines only, no allowance being made 
for the auxiliaries or heating of the ship or steam cooking purposes. 
The auxiliary engines working during the trial were the folbwing : — 
The fan engine, the centrifugal pump engine, two Weir's feed engines — 
all these with full pressure steam ; and with reduced steam pressure, 
the steering engines, double cylinder Worthington pump, electric light 
engine, also steam cooking and heating stoves throughout the ship. 
By an accidental occurrence the metalhc packing of the low pressure 
piston rod got out of contact with the rod before starting consumption 
trial, and was not put in order until after the trial was fini^ihed, causing 
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t blow-off of steam every revolution and an inrush of air whenever the 
preeaure in the cylinder got below the atmosphere. The consequence 
was, that to maintain the vacuum at 26 in. the centrifugal pump eugins 
bad to be mo at 196 revoludona per minute, or about 20 per ceuL 
above its usual speed for a 27 in. vacuum. Besides the reduced vacuum, 
the feed-water was necessarily colder than usual. During the first 
four and a half hours of trial all tbe auxihary engines, the ateam 
cooking and steam heating throughout the sh^i, were supplied 
with steam from the main boilers only. For the last three and 
a half hours of the trial, after steam had been got up in the 
donkey boiler, only the auxiliary engines worked with full pres- 
sure were supplied from the main boilers. During tbe first four and a 
half hours, though the water in tbe exhaust steam was for the most 
part returned to the condenser, the waste water from the steam through- 
out the ship was such as to require the feed of the main boilers to be 
supplemented aU the time by water from the aea. Under above conditions, 
tlte mean of tbe sixteen sets of diagrams of the main engines was 2144 
indicated horse-power, and the mean pressures of ateam on pressure gauge 
at the half hours when tbe diagrams were taken was 1473 lbs. Tbe 
mean preaaure of the steam during the trial on the quarter hour 
records was 14H-4 lbs., showing that the times at which the diagrams 
were taken synchronised with periods when the steam pressure was 
under the average, and consequently they give a power somewhat 
under the true mean. The total coal consumed for all purposes in the 
main boilers as explained above during the eight hours was 23,856 lbs., 
or 29)^2 lbs. per hour, which, divided by the mean of 2144 indicated 
horse-power of main engines, gives 1'39 lbs. per indicated horse-power 
per hour. I do not here attempt to make any calculation of tiie reduc- 
tion to be made on this item to arrive at the actual consumption per 
indicated horse-power of the main engines alone, and leave this to be 
done by your readers in the light of the facta stated ; but I do believe 
that few of those qualified te judge will put it at much, if anything, 
above tbe 1-25 ibs. of my guarantee; and I will say further that pro- 
bably no sea-gomg steamer, on her ordinary voyage, was ever before 
BO carefully and accurately tested as to consumption," 

This trial provided the owners with conclusive proof that the 18 per 
cent, reduction in the machinery and boiler and bunker spaces was also 
accompanied by a gain of more than 16 per cent, in the power obtained 
from just half the number of furnaces. The " Illinois " provided Mr 
Howden with a better opportunity of showing the advantages derivable 
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from the adoption of his system, and he contracted to develop tbe same 
power as ia the " Ohio " with only two boilers and six furnaces, tbe 
machinery and bunkers to occupy ia per cent, less space than they do 
at present. A aster ship to these, the Indiana, ia to be converted into 
a cargo ship, and the 1200 horse-power for propelling her is to be 
generated from one boiler only ; but as she is to ply in the North 
Atlantic, this power will probably be exceeded. I understand that tbe 
first Clan Liner fitted with forced draught, which has completed a long 
voyage in a warm climate, averaged 1050 horse-power from one single- 
ended boiler ; but the testimony of the owners with reference to this 
voyage will be more interesting on this point, and I will now conclude 
this paper by giving it, with a tabular statement appended, showing the 
saving in space effected in some of the best known steamers which have 
been or are now being fitted by Mr Howden on his system : — 

Glasgow, 17th June 1889. 

Messrs James Howden & Co., 8 Scotland Street 

Deau Sjks, — lu reply to your iuquiry for particulars of the results of 
the first round voyage of the s.s. " Clan Gordon " since her engines were 
tripled by you and fitted with your forced draught, also comparative 
results of similar voyages made before refitting, we have pleasure in 
appending the particulars you request : — 

Mean time under steam of three voyages before refitting, 2568 hours. 
Time on similar voyage after refitting, • - 2052 „ 

Time saved per voyage by refit, 21^ days, or - - 516 „ 

Mean total consumption on three voyages before refitting, 1844 tons. 
Total consumption on voyage after refit. - - 1440 „ 

Saving in coal per voyage by refit, . . - 404 „ 

It is fair also to mentbn that the engines before refitting were 
highly economical and in first-lass order, the last voyages being per- 
formed quite equal in regard to time and economy with the firat 
voyages of the steamer. 

The engineers and firemen on board bad no previous experience oE 
working forced draught before sailing, so that we expect that the high 
results already obtained will even be surpassed on the present voyage 
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with the further experience gained in working forced draught. The 
voyages made are from Glasgow, via Liverpool, to Cape Towu and 
South African ports, thence to Goconada on the Madras coast, returning 
to London via the Suez Canal, a distance avemging fully 20,000 miles. 
We must congratulate yon upon the remarkable results which have 
been obtained. — Yours faithfully, 

(Signed) Catzer, Ibvime, & Co. 
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CHAIRMAN'S REMARKS. 

(Mr JAS. ADAMSON). 
It is with great pleasure and salisfactioi. that I have listened to the 
paper prepared by Mr Williams. We are all indebted to him, I think, 
for coming such a distance, and also for the careful way in which he 
has prepared his paper and put it before us. I wrote to Mr Howden 
and invited him to be with us, but received a reply saying he regretted 
very much that his engagements otherwise would not allow him to be 
present. I regret that Mr Manuel also has been [ff«vented from attend- 
ing. The " New York City " has been menduned, and I hope Mr 
Nicholson will be here and give us the benefit of his experience. One or 
two p(»nt8 upon which Mr Williams has remarked in his paper will 
readily prov<^e discussion. I think it will be well if we can rise as 



2e 

quickly as poesible to the occasoa and save time. We have an hour 
and a half to-ni^bt which I think we can spend very profitably on this 
subject. Mr Williams has referred to the steam jet and induced 
draft, hot and cold blaat, and closed stokeholds. Many of us hace had 
a painful experience of leaky backs in the combustion chambers due to 
the cold air getting into the furnaoee when cleaning fires, or opening the 
doors with a full head of steam. Mr Williams has referred several 
times to the cleaning of fires, and I thinli most of us can endorse the 
opinion as to the importance of having as little of it as possible. The 
whole subject of forced draught will probably come before us again on 
some future occasion, and I will now ask members to rise and speak 
upon the subject-matter of the paper. 

Mr GRAY — I do not intend to speak so much to-night as I have 
been doing at previous meetings. I was not here at the beginning of 
the paper, but I will try and read over the early portion of it ; mean- 
time, I think Mr Richardson has something to say which will show that 
forced draught is not altogether the greatest improvement of the day 
for boilers. 

Mr WILLIAMS— I would like to know if Mr Gray refers to a 
certain ship being a failure. I happen to know about most, if not all, 
the ships which have been fitted, and shall be glad if anyone can point 
out how forced draught has been a failure, and I will discuss the matter 
with them. 

Mr GRAY — I did not mean my remarks to apply to any system 
or ship in particular, but to what I understand Mr Richardson may have 
to say 



Mr RICHARDSON'S REMARKS. 

It was not my intention to speak at this meeting to-night, for I am 
sorry to say I labour under the same disability as a large percentage of 
the members of this Institute, namely, the inalulity to express my 
thoughts when speaking in public. 

However, as I have risen, I may be allowed to say a few words. 
Mr Williams has stated in his paper; — "One of the greatest disad- 
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" \-aiitages under which forced draught of any kind laboured was the 
" great influx of cold air into the furnace, combustion box, and tubes, 
"when a fire was being cleaned ;" also that '^he was not acquainted 
" with a movable bar which could remove the clinker and other refuse 
" of combustion in a way to get over the difficulty of cleaning fires," 

I may state that there are several firebars in the market which are 
supposed to overcome this evil, but in the most of cases these have to 
be manipulated by the firemen ; and we, as engineers, know that any 
patent which requires the attention and regulating by firemen on watch, 
would also require an engineer to ensure its efficiency. A firebar has come 
under my notice on several occaaiona which entirely does away with 
cleaning fires, and is perfectly automatic in its action. In proof of this, 
a few days ago, the superintending engineer of a very large shipowniug 
firm in London showed me a letter he had just received from the chief 
engineer of one of then' steamers ; in this letter he stated that these bara 
had given him the greatest satisfaction, and that during a voyage to 
Australia, Japan, &c (using North Country, Welsh, and Japanese coal), 
— extending over six months — they had not once cleaned a fire, and 
would require no new bars, as not one bar (out of six furnaces) had gone 
wi^ong. He also stated that the revolutions previous to the bars being 
fitted were 54, and speed 9-7 knots, while the revolutiona were now 57, 
and speed 10-25 knots, that the firemen have much easier work now 
than formerly, and there was no trouble in kee^ung the steam at a 
steady pressure even in the Red Sea and the Tropics. 

Mr Williams states that " with Howden's forced draught 23 indi- 
" cated horee-power per aq. ft. of grate surface can be got," I take it 
this is the maximum, and uot the average indicated horse-power. Well, 
with these bars the patentee will guarantee as a minimum average all 
through with natural draught to get 15 indicated horse-power per sq. 
ft. of grate surface. Looking at these facts, combined with the very 
much greater wear and tear and general deterioration in boilers where 
forced draught is used than is the case with natural draught under any 
circumstances, I am of opinion that a fireliar of this description is very 
much better than forced draught. 

Mr Williams says ; — " In his experience " (which doubtless has been 
very great) " he has not found the boilers in any worse condition, with 
" respect to deterioration and corrosion, than he had found in other 
" boilers under natural draught." I have had some experience of forced 



draught, both in the closed stokehold and other systenm, fitted by some 
of the best engineera in the country, and I am Bony to aay my experi- 
ence has been the very opposite to that of Mr Wilhams. 



Mr J. MACFARLANE GRAY'S REMARKS. 

1 have been much pleased with Mr Richardson's descriptjoo of tbe 
automatic firebars. With that system, and a closed stokehold, and 
forced draught, the difficulty about cleaning fires would be got rid of 
entirely, and the stokers would have a comfortable job. Unfortunately, 
however, the 25 per cent, of waste heat which has been mentioned by 
one of the speakers would still be passing away. It is much to be 
regretted that shipowners could not afford to neglect that loss of heat, 
because there seems to be no other way of recovering any portion of 
it except by the plan described in the paper — beating tbe air for the 
furnaces by that waste heat. Wherever boilers are worked to produce 
the maximum amount of steam, as for example in tbe Atlantic mail 
steamers, it appears to me that heated forced draught must involve a 
great increase of stokehold temperature, and must intensify the hardship 
of life to the firemen. I understand from the paper that tbe " human 
nature " element has been well oon»dered in the designs particularly 
described by the author, but I cannot see how tbe increase of discomfort 
could be wholly avoided in any case where tbe full steaming capability 
is enforced. 

It is sometimes asked, why is the heating surface of the boiler not 
increased, and in that way the temperature of tbe gases reduced, and 
the draught maintained by a fan f Tbe efficiency of heating surface 
depends upon tbe differences of temperature between the gases and the 
water in the boiler. Very Mttle steam is produced from the last foot of 
lengtli of tbe tubes now, and an enormous increase of heating surface 
would be required to make any considerable reduction of funnel tem- 
perature. The increase of steam pressure in tlie last 25 years has 
increased tbe temperature of the boiler water 100°, and by so much 
reduced the effective head of temperature at the heating surfaces, and 
added to the difficulty of abstracting the beat from the gases. In the 
system described in tbe paper the in-coming air, at a temperature 
initittlly nearly 300° lower than the boiler water, is substituted for the 
boiler water, and the heating surface is thereby rendered more efiScient, 
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and ^e temperature of the gases can be therefore greatly reduced, 
the heat abstracted being utilised. The reasoning is clear enough that 
there must be a proportionate economy realised wherever the system of 
heated forced draught is properly applied. 

I have sometjmes beard remarks made by engineers about forced 
draught practice vith which I could not altogether agree Probably 
what the speakers meant was right, but the idea conveyed by the words 
seemed to me to be incorrect. Some engineers with forced draught 
keep the funnel damper only about one-eighth open, " to take as much 
of the velocity out of the gases as possible." I cannot understand how 
that may be ; I fancy it is meant to keep the gaees a longer time in the 
boiler spaces acting on the heating surface. The time of action of the 
gas in seconds is found by dividing the weight of gaa in the boiler 
spaces from front smokebox to firebars by the weight of gas passing 
per second. The pressure of the gas in the boiler spaces varies only an 
ahnost infinitesimal amount by partially closing the damper, and the 
only means of increasing the weight of gas in the space is therefore the 
reduction of the temperature. If closing the damper a little causes a 
marked difference in the abstraction of heat, there must be an explana- 
tion for it unknown to me. I think that the explanation of the damper 
closing is that, in the case referred to, the forced draught was un- 
necessary, and the closing of the damper merely counteracted the action 
of the fan. The " retarders " mentioned in the paper, the spirals placed 
in the tubes, seem to me to have been named improperly. If retarders 
are necessary the head of pressure producing the draught must be too 
great I tUnk that there might be a beneficial effect from the spirals 
acting as radiators, for a heated gas does not radiate as well as a heated 
solid body does. In comparing different pressures of forced draught it 
is important that the total effective pressure should be considered, and 
not merely the pressure in the ashpit above that in the stokehold. The 
effective head is the difference between the pressure in the smokebox, 
Bay 0-3, and the pressure in the ashpit, say 0*4 ; or 0'7 inches of water 
column. The weight of a column of air 70 ft. in hdght at 77° Fahr., 
and atmospheric pressure, is the same as that of a column of water of 
the same section 1 in. in height. If the column of air is heated to Glfi" 
its absolute temperature is doubled, and its weight is then equal to that 
of ft column of water only half-an-iuch in height. The over-pressure of 
the external air b then * ^ in. of water column. The liest temperature 
for draught is a little less than this double temperature, and at a higher 
temperature the volume of the gases increases in a higher ratio than the 
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velocity due to the increased difference of pressures. EEGcieat uatural 
draught may therefore be taken to be never more than one-sixteeoth of 
an inch of water column for every 10 ft. of height from smokebox to 
funnel top. It is with this that the forced draught pressures onght to 
be compared. A year ago a patentee of forced draught lud before me 
his plans, according to which he proptoeed to apply => 10 inches of water 
column, believing that the natural draught was usually not more than 
7 in. of water column. He had largely advertised and claimed to have 
been very successful in effecting economy, and yet that was what be 
thought, r.«., natural draught was about 7 in. of water column. The 
paper which has been read to us is not open to any such critjrism ; 
it appears to be full of reliable information, and if the increased stoke- 
. hold temperature could be avoided, I would wish the system great 



Mr F. W. SHOREY'S REMARKS 

I did not intend to apeak upon this subject this evemng, as my 
knowledge of forced draught is very limited, and what little I do know 
has been obtained from books. 

Some of the remarks that fell from Mr M'Farlane Gray's lips hare led 
me to rise and ask a question or two. Kir Gray has said that the heat- 
ing surfaces in a boiler were the furnaces, the combustion chambers, and 
the tubes ; and that although the tubes had the greatest amount of 
surface they did not impart the greatest amount of heat to the water. 
He further Baid that Mr Wye Williams states that the most beat was 
derived from the furnaces nest the combustion chambers, and least from 
the tubes. 

Now if I understood Mr Williams' paper correctly, I gather fi-om it 
that Mr Howden bad arrived at the same conclusion as Mr Wye 
Williams ; and to prevent the heated gases passing too rapidly through 
the tubes, he bad inserted in them strips of steel twisted into s[Mral 
forms so as to somewhat retard the speed of these gaaes through the 
tubes, and also to bring them in contact with the whole of the tube 
surface by causing the gases to follow the retarder, thus causing the 
tubes to impart more heat. 
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If such is the object of these retarders or sfural strips, which may 
doubtless be beneficial, I sbouM Uke to ask Mr Williams if these 
retarders would not cause the tubes to become chewed, and also bow be 
would manage to keep tfaem clean; as it appears to me they must 
become quickly choked, owing to the obstruction in the tubes. 



Mr SAGE'S REMARKS. 



I believe Mr Williams referred to my having some slight knowledge 
of this subject. The two ships fitt«d under my superintendence (I am 
speaking now of tramp ships) were not a success, although both of the 
ships hod boilers built on puipose. They had the usual size of boilers. 
I had a letter from the chief engineer of one of them saying that the 
forced draught had not effected any saving. They could st«am well 
with Welsh coal, but they give as good steam with the same quantity 
of North Country ooal. I do not say that it is owing to any fault in the 
system, because I am mclined to think that Howden's is one of the best 
BystemB of forced draught The ships did not get very far before the 
fan engines broke down, and the voyage was completed with natural 
draught, which played havoc with the thin forced draught firebars. 
These steamers were fitted under Mr Howden's own superinteodeDce, 
and had one of his own engineers out of the " New York City," who 
did worse during the voyage he was in charge than the engineer of the 
other ship who had no sea experience of the system. We had a great 
deal of trouble with the boilers. Considering the extra expense and 
cost of repairing, I for one would not venture another vessel to be 
fitted with forced draught, although I would give Mr Howden's sys- 
tem the credit of being the best I have seen. My experience has 
been very small, but such as it is you have the benefit of it. 



Mr RUTHVEN'S REMARKS. 

There is one thing I wish to speak about in connection with the blast 
generator — that is multiplicity of fans. My father tried this many years 
ago, and it answered well It was a system of one fan taking the air 
from another. He used as many as three fans ; the first discharged into 
the second, and the second into the third. I think this might be tried 
with advantage with a much reduced speed of engine. 



Mr BRUCE'S REMARKS. 

I have been desired hy an engineer in Qlasgow (a namesake of the 
author of this paper) to brings before you an improved method of apply- 
ing heated air under pressure for the combustion of fuel However, I 
beg to leave this for some other occasion, as time is too short to-night, 
and explanation would be more interesting when accompanied by the 
result of actual experience. It may be mentioned, hovever, that several 
engineers, expert in this subject, have expressed favouratde anticipations 
for Mr Henry Williams' arrangement, 

This paper ia of importance inasmuch as it comes from a practical 
man, and one who understands what it means to work in a stokehole, 
and I can freely Slate that so far ae the paper has reference to the 
general working of Howden's method of applying heated air under 
pressure to furnaces in an open stokehole, what the author has stated ia 
confirmed by my own observations of its operation in some of the 
steamers he has mentioned. 

In regard to the fan engines, and complaints as lo the working of 
these engines, as yon all know this is a mere matter of detail. I lately 
saw a fan and engine at work at Messrs Hawthorn, Leshe & Go.'s, 
Newcastle-on-Tyne ; the engine has three cylinders working compound 
and coupled direct on to the fan shaft ; the engine running 600 revo- 
lutions per minute, steady, and quite cool; the whole arrangement 
taking up very little space, and very light. 

The " Rotary " type of engine is being revived, and we may shortly 
hear some interesting accounts of an improved form of this oldest of all 
types of steam engine, with reference to its appUcalJon to fans and 
dynamos. 

In reference to the saving of space and weight by the use of forced 
draught in ordinary merchant steamships, such as the author has alluded 
to, I venture to thiuk that he claims too much, for any saving of space 
or weight by using forced draught can only be effected in the boiUr 
compartment. As in the ''Ohio," single-ended boilers may take the 
place of double-ended ones, thus ^ving the space of one stokehole; and 
in other steamers one boiler may replace two, or by other arrangements 
space may be saved. In the case of the >' Ohio " the space and weight 
saved and claimed to be saved by the application of forced draught is 
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Dot fairly atated. The old compound eDgines, having cylindere 97 in. 
and 90 in. diameter by 48 in. stroke, and indicating 2100 horse-power, 
took up large E^nce, and the bcnlers were donble-ended. When these 
compound engines and boilere came to be replaced by modem propelling 
machinery of equal power, her owners determined that they would 
endeavour to augment tin economy of fuel derivable by adopting 
triple-expansion engines, by applying an approved arrangement of 
forced draught; therefore the original three double-ended boilers 
were replaced by three single-ended ones — thus dispensing with ont 
stokehole and throwing the space of that stokehole into the cargo- 
carrying space of the ship. 

The owners also determined to further augment the cargo capacity 
of the ship by using as short an engine as it was possible to get, using 
three cranks and ample bearing surface. To realise this they decided 
to adopt what in their opinion was the best form of radial valve*gear 
recommended by the engine buOders, Messrs James Howden & Co., 
and which appeared to their superintending engineer to have merits 
possessed by none other. Therefore they refitted the " Ohio " with 
modem machinery, and gained thereby an increase of cargo-carrying 
space due to such a length as sixteen feet. 

I think it proper that these facta should be clearly stat«d in order 
that the credit of these economies should be fairly distributed. 



Mr SMITH'S REMARK& 



The paper we have heard to-night from Mr Williams has been a 
very instructive one. I have bad some little experience of forced 
draught, although never having suled with it myself, my knowledge 
has only been gained from the experience of others, added to what I 
have witnessed of the results. I have watched the system carefully 
ever since it came out, and have seen no resulting benefit to compensate 
for the injury done to the boilers. 

I know one steamer which has now been running with natural 
draught for about five years. The engines are triple^xpansion, built by 
Messrs T. Richardson & Son, and fitted with Wyllie's valve-geai , where 
the consumption has been as low as 1-2 per indicated horse-power, and 



SometimeB under that when bunung Taiatima duit coal. I mention this 
as an instance of what can be done with natural draught in the way of 
economy. 

On the other hand, I know of steamers suling- in the Bast with forced 
draugbl, and having been invited on board of several of them by the 
engineers in order to see the condition of the boilers and the results of 
the system, in every case I found some injury done to the portions ex- 
posed to the action of the flame, either landings cracked, combustion 
chambers buckled, or furnace crowns fallen down. 

One steamer I may refer to specially was almost disabled for three 
days in the Indian Ocean on account of the furnaces leaking ; after being 
refitted — the forced draught being taken away — no more trouble waa 



Mr COUBRO'S REMARKS. 

It appears to me that nearly everything that has been said this even- 
ing has been against the system Mr Williams is advocating. I don't 
mean any particular gear, bat forced draught in general, and I should 
Uke to hear eome one apeak on the other side of the question. There 
surely must be some one here who has seen the advantages of it. I am 
sorry that my experience has been the same as those who have spoken 
before me. The only ship I can speak about with any absolnte 
knowledge is one which came up the Thames, and one which I got 
orders to set to work at once and take otit the gear so soon as she 
arrived at the docks. A great deal of trouble was caused by the fan 
engine, which was a high-speed engine. The brasses were simply re- 
duced to a molten state, and were working out with the oil. I should 
like to hear some one who has sailed with the forced draught. 



Mr HAWTHORN'S REMARKS 

I have had no personal experience of forced draught, but having 
listened to the remarks of the prevbua speakers, several of them, I 
observe, have thought that the giving out of the boilers has in some 
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e been doe to the great heat created by the draught being forced. 
Aa to the cleaning of the firea ; does not climAtic difference affect the 
furnaces? There is no doubt that this cleaning of fires does to some 
extent contribute towards the leakage at joinb* and the buckling of the 
plates, bnt to understand the application of forced draught properly we 
should look into, I think, the theory of combustion a little more : — to 
maintain an efficient natural draught, 25 per cent, of the heat generated 
in the furnace is absorbed in giving that velodty to the products of 
combustion so that they shall ascend the chimney, and in order that we 
shall thoroughly decompose the coal in the furnace we find in practice 
that double the theoretical quantity of air is necessary, and in this air 
supply, oxygen only is wanted, and not only is there 2b per cent, of the 
heat lost in bringing about natural draught, but the enormous loss of 
having to heat up practically 3J tunes the weight of oxygen as nitrogen 
from the temperature of the air of the stokehold to that of the furnace. 
Again I think that economy in burning coal must be looked for from 
boilermakera, and until we have a furnace that can conduct the heat 
better through it, and the sooner that we are free from the deposition 
of scale on the heating surface, the sooner will the economical burning 
of coal be apparent in marine boilers. Now, if we can bum our coat 
more confdstently with theoretical reasoning, and bring about perfect 
combustion with a less air supply than at present, and if Howden's 
system of forced draught does this for us, then I think it is a step in the 
right direction. 

If my memory serves me rightly it was M. Bidard, an eminent 
French chemist, that proved for every -^ of an inch of scale that was 
deposited on the furnace crown it necessitated the temperature of the 
furnace being raised 15 per ceut., and it is no doubt this extreme heat, 
say an increase of 400° on 2500°, that has had more to do with the 
joints leaking than anything else. Probably some one ere long will 
bring out an improved patent on Howden's system as Morton has done 
for the radial valve-gear, and by that means bring forced draught 
nearer perfection. I hope we may live to see it. 

Mr DIMMOGK — Will Mr Williams please give us the number of 
pounds of water evaporated per pound of coal as deduced from the 
trials he has mentioned with forced draughtt 

Mr WILLIAMS — 'A record was kept of the number of strokes 
made by Weir's feed-engine during the trial, the result indicated 13^ 
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ponnda per ponnd of coal, aasnming the efficiency of the pump to be 
100 per cent I had no opportumty of testing the actaal effideocy, but 
I believe the maker places the efficiency of these very alow wofking 

niimm at nnt. lau than 9(1 hat nnnt. 



pumps at not leas than 90 per cent. 



Mr DIMMOCK'S REMARKS. 

Under ordinary circtunatances with a natural draught, one pound 
of coal will evaporate about 10 pounds of water in maiioe boilers, while 
in locomotive type torpedo boilers seven pounds only would be evapo- 
rated -, and in these last, if forced, it would be reduced to aix pounds 
of water per pound of coal per hour. 

Now, with the best fuel (Warlich's patent) there is a eufficieiit 
number of units of heat (16,495) in one pound to evaporate nearly 17 
pounda of water. This shows engineers very clearly they are not ncnng 
anything like the full mechanical power of their coaL In going over a 
considerable amount of data on locomotive boilera, I find as the presanre 
of the forced draught increases, the evaporative power of the fuel 
decreases ; this I think shows waste. Mr WiUiams tells ua 15 per cent, 
coal per indicated horse-power was saved by forced draught. I pre- 
fer to give thia credit to the feed-water beating apparatus which was 
fitted, because we know of similar economy in fuel being effected by 
the use of feed-heaters where there was no forced draught whatever. 

I am glad this subject is to be further discussed later on in the 
session ; this will enable us to go more thoroughly into the matter, and 
find out if possible the value, if any, of forced draught, simply of 
itself in relation to the marine boiler. It seems to me now that it has 
been experimentally adopted, because it has done good service in 
locomotive and torpedo boat practice, and without other adequate reason ; 
but we should remember the conditions of use are entirely different — in 
the one case space and weight are greater considerations than economy 
of fuel, and with a reduced fire grate it is absolutely necessary to 
acquire more rapid combustion although wasteful; in the other case fire- 
grate area has more scope, and economy in fuel is of the greatest 
consideration ; therefore, what applies to the one will not well apply to 
the other. 

One redeeming Feature presents itself in the use of forced draught, 
viz., that the 25 per cent, of tht total beat of the furnaces, which under 



cntliiutry cdrcumstanoes gfoes to create the fonnel draught necessaiy to 
supply air to the fires, can be used in beating the feed-water, while the 
supply of air can be effected more econonucally by a blast fan or other 



Mr BKUCE— In reply to Mr Coubro', I was on board the "Ohio" 
about dx months ago. She had been at work about two years— July 
1887. I saw the boiler furnace end, top plates, and tubes, and I don't 
tbink any engineer would want to see a boiler more free from damage. 
There is oo doubt tlie whole system was in a vary good condition, and 
I was under the impression the Buperintendent is satisfied with the 
ayatem fitted in the " New York City." 

Mr OOUBRO' — I did not say anything about the famace or boiler 
faaring anytUng the matter with it ; all I spoke of was the bearings of 
the fan engine that went wrong. I think you mean Mr Smith. 

Mr SMITH — I quite agree with Mr Williams so far as to say that 
there may be a saving with forced draught in some steamers on account 
of peculiarity in construction, but to my mind, as far as I can see, it 
fails to amount to a large enough percentage to compensate for the 
trouble and expense to boilers and machinery. 

I may mention that in the steamer to which I referred in my pre- 
vious remarks there was nothing done to the boilers during five years' 
bard running ; a caulking tool had never been used on them from the 
time of leaving the hands of the builders. 

Mr COUBRO* — I think seagoing engineers shoold advise Mr 
Howden of any little faults they see, so that the system may be made 
to work as perfectly as possible. They sail with the gear, and obviously 
have a better chance of finding out its advantages and also its faults. 



CHAIRMAN'S CLOSING REMARKS. 

(M? JAS. ADAMSON). 
I have been through the boiler of the "New York City" and 
examined every comer of it. I found it in an excellent condition after 
two runs. I examined it again about three or four months ago, and 
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Bav the backled oombustioii chamber referred to. I think the fault 
lies in the design of the boiler, and probably the vant of on eflScient 
arrangfement for cleaning it. The combnadon chambers were very 
difficult to clean. I noted when I saw the boiler at first that doors 
ought to be fitted in the back of the Hhells to admit of cleaning the 
combnatioD chambers. There was, I observed when I last saw the 
boiler, a leakage and a few small defects at the Adamson's rings which 
are fitted in the furnaces. I may say that in the boilers of the " City of 
Venice," which I have examined, I saw no sign of weakness anywhere. 
I think Mr Howden is working in the right direction. He will probably 
odd a few improvements, so that, with boilers specially constructed to 
meet the requirements, and care and attention given to alt the detuls, 
I do not see why forced draught should not be a success in the future. 
I think about February or March wa may have another paper on this 
subject. I would impress upon yor. tliat Mr Williams is in no way 
connected with any system of forced draught for marine or land boilers ; 
it is the prindpU of forced draught he de«res to bring forward for our 
consideration, and he gives us the benefit of his experienca 



Mr WILLIAM'S REPLY. 



Mr Richardson speaks very highly of certain movable firebars, but 
I cannot aj^reciate the delicacy be exhibits in witholding their name ; 
I don't think we can know too much of a good thing. So far as my 
opinion is concerned I will endorse most of what he has said if he means 
" Henderson's" movable bars, which I think are well suited for natural 
draught, but for the reasons I have set forth elsewhere are not suitable 
for any system of forced draught worthy of the name ; and as he has not 
quoted an instance where they have been used with high rates of com- 
bustion, I fail to perceive the relevancy of his remarks to the subject 
under discussion. Instead of saying I had not found boilers in worse 
condition with forced than with natural draught, I wish to repeat that 
where Howden's system is fitted and worked intelUgently the boilers 
were in better condition than natural draught boilers would be, and I 
believe time will show that their durabiUty has been extended by the 
ftdoptdon of the system. Mr Richardson's experience of forced draught 
with the " closed stokehold and other systems " only confirms what I 
have said about them in my paper. 
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With regard to Mr Sage, I regret that his experience lias been so 
singularly unfortunate. I hare had (as Mr Sage stated) the privilege 
of seeing the condition of the txulerfi to which he alludes, but I must 
have misunderstood him, as I can hardly believe that be is ignorant of 
the cause of the condition in which I found the boilers when I ine^cted 
them in CardiS, or that he is prepared to lead this meeting to under- 
stand that he attributes the leaky jdnts and other defects he has 
described to us to the system of forced draught fitted on board t 

Mr SAGE— Oertoinly not. 

Mr WILLIAMS — Then I understand you to say that you do not 
think forced draught had anything to do the with boiler defects yon 
have described f 

Mr SAGE— No. Not to the forced draught. 

Mr WILLIAMS — Then I think that admisuon disposes of Mr 
Sage's objections, and I respectfully submit, Mr Chairman, that he has 
left me nothing to answer with regard to the effects of forced draught. 

The suggestion made by Mr Ruthven to multiply the fans I cannot 
look upon as a very good one, as in several instances which have come 
under my notice where such a proceeding was tried the effects were 
disappointing. When two fans deliver air into opposite ends of one 
pipe the quantity of air pasmg from a branch in such a pipe would be 
found to be very little more than it would be with only one of the fans 
working at the same number of revolutions. When more fans than one 
are used provimon should be made to prevent communication with each 
other when they are working. 

Mr RUTHVES — Ton have misunderstood me. I meant one fan 
delivering into another so as to get a higher pressure with a lower 
speed. 

Mr WILLIAMS — I beg your pardon. The point you have raised 
is a novel one to me, and I should like to consider it before expressing 
an opinion as to its merita 

Coming to Mr Bruce's contention that in my statement of space 
saved in the " Ohio " I have claimed for forced draught a saving which 
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was dae in a great measure to the arreDgement and character of the 
flDgines, which are fitted with Morton's radial Talre-gear. But on 
referring to 107 table he will find that I distiogalBbed the saving of 
epace effected in boiler rooms from the general saving, and the 16 per 
cent, increased power I have given as obtained from these boilere 
neutraliaes the claim as to the space saved by boilers supplying steam 
to triple engines, as the difference in the weight of steam used in com- 
pound and trifle engines comes to about the same percentage. He also 
thinks I have underestimated the power of the old engines. If this be 
the case I have committed a far greater error in the same direction 
with regard to the new ones, as the difference observable in the ship's 
speed before and after, refitting accounts for at least 25 per cent, 
increased power. The power I have allowed for the fan engine was 
deduced from actual experiments, which I carried out to find the power 
required to drive the fan at different velocities. In the case under con- 
sideration it ranges from G- indicated horse-power with good WeWi 
coal to 27^ indicated horse-power with American slack coaL I took 
diagramH from the fan engine at various speeds between these limits, 
and plotted the results on squared paper, which enabled me to estimate 
very nearly the indicated horse-power required to drive the fan at any 
velocity, and air pressure between those actually noted at the time. 

Mr Smith has told us a woeful story of cracked tube plates which 
have come under his notice in ships fitted with forced draught, and he 
says one of the ships (out in Japan) bad Howden's system on board; 
but I must attribute the defects he has observed to other causes than 
the forced draught, as it is quite impossible to crack the tube plates of 
a boiler properly fitted on Howden's system, except under drcumstances 
where they would crack much quicker with natural draughL 

With regard to the statement that he has observed triple engines 
indicating a horse-power on 1-2 lbs. of coal with natural draught, I hope 
I have shown that if such was the case the consumption would be less 
than 1 lb. if a properly designed system of forced draught was fitted to 
the boiler which produced the results he has given us. 

Mr Coubro's testimony rather illustrates my remarks about placing 
fan engines in the stokehold than it bears directly on the question of 
forced draught. I don't think Mr Howden shonld receive all the blame 
for having indulged in this practice. 



Hr COUBRO' — I was allnding to another ajatem, not Howden's. 

Mr WILLIAMS — I thought all along you were alluding to his 
ajetem, and as you laid special stress on the wear of the fan engine 
brasses, I reserved some remarks about fan engines which would apply 
to what Mr Sage has said about tfae breakdowns he has had with them 
also. However, the remarks I am going to make i^ly to any system, 
and if the fan engine gives trouble owing to its position on board the 
ship, I don't tliink superintendent engineers should throw all the blame 
oa those who placed it there. If the latter were not seagoing men, 
they were unable properly to realize the disadvantages under which 
machinery placed in the stokehold must work when the ordinaiy work 
of the stokehold is being carried on at the same time. A superintend 
dent who does not eshaust all the means in his power to dissuade his 
owners from allowing the fan and en^e to he placed in the stokehold 
is more to blame than those who put it there, from the fact of the engine 
builder not having had the same opportunities of observation. Speaking 
personally, as one who has suffered under the infliction, I cannot use 
words too strong to express the utter abomination with which I have 
always regarded the perpetration of such a mechanical atrocity as the 
placing of high-speed nuchinery in stokeholds. 

Mr Hawthorn states that 600° is the usual funnel temperature with 
natural draught, but I have not put it at 700° without reasons for doing 
so. Long before I bad the privilege of unng accurate thermometers I 
nsed to try the funnel temperatures by introducing pieces of lead and 
zinc into the base of the funnel as near the centre of it as possibb, and 
I have never been able to carry a piece of zinc without melting as far 
as Gibraltar at full speed with natural draught ; consequently I look 
upon the 700° given in my paper as a somewhat low estimate, and this re- 
ceives confirmation from the " Meteor's " trial with natural draught where 
the temperature of the funnel averaged nearly 800° during the short run 
from Leith to London. A comparison of tbe " Meteor's " trial with those 
carried out on board the " Ohio " will enable us to estimate the value of a 
properly designed system of forced draught, as the boilers and engines 
of tiiese steameis are not widely different from each other ; the superior 
results obtained in the " Ohio " cannot be ascribed to ezceoi of beating 
surface, as the " Meteor " had 40 per oent. more per indicated horse>power 
than the " Ohio " in the trial I have described at length in my paper. 
There are many otber points of comparison in the two trials which tell 
strongly b favour of forced dianght as applied in the " Ohio." 
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I was gratified to bear Buch an aathoritj as Mr M'Parlane Gra; 
attach BO much importAQOe to the philanthropic aspect of the questioo to 
which I alluded in my paper as the " human factor," an element which 
ought to be considered. He has also dealt very fully with the conten- 
tion of those who seek to condense the air in the furnaces by partiaUy 
cloamg the funnel damper, but even tbe small amount of compreedon he 
has mentioned, viz., that rapreaeoted by one inch of water preaaure, is 
very much more than can be practically attained, as tbe pressure under 
the damper mast not exceed that of the atmosphere in the stotehold, 
otherwise the flames will come out of the fire-door. I have tried the' 
plan and come- to tbe coDclusion that nothing is gained by cloong the 
funnel damper ; and after reducing the temperature of the products Of 
combuBtioa as much as possible, we should try to faciUtate rather than 
impede their escape. It would be a mistake to assume that the use <rf 
heated air necessarily involves a higher stokehold temperature unless 
the air is heated beyond the temperature of the boiler. On the contrary 
the air casing tends to teep the stokehold cool by intercepting ami 
utJlising a large proportion of tbe radiant beat from the front of the 
boiler shell If the air casing is carelessly fitted and hot air allowed to 
pass into the stokehold instead of tbe furnaces (which I have known it 
do in ships fitted out of Glasgow), the firemen will find it out and the 
system gets the blame instead of those who have misapplied it. 



Tbe difBculty anticipated by Mr Shorey of cleaning the tubes fitted 
with spiral retarders is successfully met by using a steam jet with a 
split nozzle, which passes each side of the steel strip in the tube, and 
cleans them as easily and quickly as if no retarders were there. I have 
called these spirals " retarders," as this is the name they are generally 
known by ; but after what Mr M'F. Gray has said, I think perh^ 
"integrators" would be a more appropriate name for them, as they 
undoubtedly serve in some measure to integrate the variations in tbe 
temperature of the escaping gases, and this probably accounts for the 
remarkable uniformity observable in the funnel temperature where they 
are fitted. Contrary to general expectation, they do not tend to cboke 
the tubes with soot, but with high rates of combustion they act most 
effectively as tube cleaners, owing to the rotative direction given to the 
gases, thus preventing the deposit taking place until it comee to the 
smoke-box, whence it requires to be frequently cleaned out. I have 
seen the " Ohio " after a run across the Atlantic come into Liverpool with 
tubes almost as clean as they were leaving port. I am aware that the 
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benefits ariBing from tbe use of tbese appliances have not been sufficiently 
appreciated in some quarters, and that the en^neer of a certain mail 
steamer, who I believe poses as an "improver" or "modifier" of 
Bowden's ajstem, had them taken out (as Mr Sage has done, and now 
complains of a system he is not working properly) because in the 'thwart 
ship boilers nnder his charge they worked back into the combustion 
chamber with the rolling of the ship! Abont the same time another 
engineer who experienced the same difficulty — and here I may say we 
hsTe an illustration of the readiness and resource shown by different 
engineers under similar circumstances — he did not condemn tbe re- 
tarders, but got over the trouble by giving them a slight bend before 
putting them into tbe tube, and he found tbe friction induced by this 
simple means sufficient to retain them in position with the heaviest 
rolling of the ship. I may also mention that Mr James Laing, of the 
City Line of steamers, caused tests to be made of the coal consumption 
on different voyages with and without these retarders or " integrators," 
and the result completely satisfied him of their economical utility. 



One speaker has stated that I claun 12 per cent, by tbe use of forced 
draught, but I hope I have shewn it is easy to account for 15 per cent 
saving. In tbe majority of cases this gain has been exceeded, and I 
can only attribute this excess to the use of heated air. It is true that I 
cannot conclusively show just now (with figures) how this additional gain 
is brought atxtut, but a parallel is furnished by the triple-expansion engine. 
The economic facts in that case were proved before tbe great importance 
of restricting the temperature in the cyhnders was fully recognised, 
and in the case of heated air and forced draught I have little doubt that 
the professors will be found equal to the occasion, and after the facts 
have been generally established by us, they will find figures to account 
for the facts. 



Mr Sage cannot recommend Howden's system for use in " tramp " 
ships, but I will compare his experience with that of another superinten- 
dent over ships of the some class as he has to do with. Two ships, the 
" Stntthblane " and " Strathendrick," have engines by Howden & Co. pre- 
cisely nmilar to those spoken of by Mr Sage (I can speak with some 
authority on this point, as the four sets of engines were erected under 
my direct supervision from the same drawings). The " Strathblane " 
was fitted with forced draught exactly nmilar to Mr Sage's ships ; the 
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" Strathendrick " with larger bcalen and natural draught ; both ships 
are now at work, but the " Strathblane " burns 19 per cent, less ooal at 
same speed than the natural draught ship, consequently the superin- 
tendent engineer and owners have arrived at an exactly oppomte 
conclusion to Kr Sage, and have arranged to get their next ship fitted 
by Mr Howden with forced draught The Clan Line, after altering six 
of their stdamers, are negotiating for no less than 13 others of their 
fleet to be fitted with forced draught on the same system. 
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ADDENDA. 



Written by Mr Williams after the diacussion, and pub- 
lished in " Fairplay " Dec. 13th. 



In reviewing the coDtemporaiy development of marine engineering, 
we find the principle embodied in the term " forced draught" receiving 
from practical engineers the attention which scientaats have long pointed 
out 08 its due. Most of the attempts hitherto made to induce economf 
by forced draught have been failures ; in some cases doe to ignorance 
of the scientific principles involved, m othen due to ignonuioe of the 
practical conditions under which these principles must be apphed in 
Actual work. Some of the inventors whose efforts have been marked 
by fulure, are now among the most strenuous opponents of any further 
trial of the system, and seem disposed to regard any degree of success 
attending the effortia of others as an insult to their own intelligence. 
As the subject is one of considerable interest to shipowners, I propose 
to briefly review the question from a purely theoretical standpoint 
The loss sustained in producing the draught in marine boileTa worked 
with natural draught at usual rates of combnstbn, is considered by the 
most reliable authorities to be not less than one-fourth of the available 
heat of the fuel when of good quality, and more thau this when it is of 
aninferior description (see "Meteor's" recent trial). We shall not be far 
wrong if we assume 650° Pah. above that of the external air as repre- 
sentative of the funnel temperature in sea-gomg ships at full power 
with moderately dirty boiler tubes. The speciBc beat of air at c ;>- 
0-238, therefore every pound of it raised 650° and discharged into the 
funnel carries away 650 x 0-288 - 174-7 B T units of heat, and 24 lbs. 
(the usual allowance of air per lb. of coal with natural draught) will 
contain 4192-8 units. GrediliDg the volatilised carbon and other consti- 
tuents of the fuel which pass up the chimney in combination with the 
oxygen obtained from the air with the same *' specific heat." we have 
4192-8+ 174-7 c'4S67-5 heat units passing away— per lb. of fuel— for 



which ve receive no eqaivalent in the form of useful work. Thia loss 
may be minimised (and generallj was so duriog the recent depressioo 
in the shippug trade) by reducing the rate of combustion, and oonse- 
.qnently the power obtainable from the boilers. The possible amomit of 
saving by this method of slow combustion waa greater when low 
pressures were carried than can be the case with higher boiler 
prasBures. The reason for thia is not far to seek. With safety valves 
loaded to 160 Ibe. the boiler pressure should average about 158 lbs., 
equivalent to a boiler temperature of 370° Fah. The heating aurfaoe 
of the boiler at this temperature represents the cooling surface exposed 
to the products of combustion. If we take Professor Dwelshauver 
Dery's estimate of 164° Fah. as the lowest temperature at which active 
transmission of heat from the products of combustion to the water in 
the boiler takes place, we have 870° + 160° =-534° Pah. as the lowest 
temperature at which the escaping gases can leave the boiler with the 
utmost estenaon of beatiug surface, or slowest rate of oombnstion 
within reasonable or payable limits. Taking the initial temperature of 
the external air at 60°, the loss per lb. of air supplied to the fires would 
be reduced to (534-60) 0-238- 1 12-8 heat units, which represents a 
saving of about 9 per cent, in the coal per unit of power developed at 
the reduced speed with slower combustion. Now, unless we utilise the 
heat in the waste gases, no further reduction in the funnel temperature 
can take place with any system of forced draught, and the only further 
gain to be looked for will be due to the smaller supply of air per lb. of 
coal when the draught is mechanically produced ; a gain which is 
generally, though not necessarily, neutralised by the beat units ex- 
pended to work the fan engine. By utilising the heat passing away in 
the last e.'iample to heat the incoming air, and allowing a similar range 
of t^nperature between the air in the heating chamber and the gases 
enrrauDding it, as we have between the gas and the boiler water, we 
see the possibility of reducing the funnel temperature to 164° Fah. 
above that of the atmosphere ; or, in thepresentcase, fol64 + 60x224°, 
equivalent to a loss of only 39 B T units per lb. of air supplied to the 
fires. Taking the available heat of the fuel at 15,000 H units, we hav» 
a loss of 6^ per cent., as against 39 per cent, with the same supply ot 
air as in the first example, showing a clear gain of over 22 per cent. 
That the possibility of this saving is not over-estimated has been proved 
by the close approximations to it in several ships where the arrange- 
ments both for driving the fan and heating the air are still 8Usoept^l& 
of further improvement. 
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PREFACE. 



Thx Lanothobnb Boous, 

Broadway, Stbatpord, E., 

/Wffoy, Noemher Ut, 188&. . 



The first G^eral Meetiiig of the Institute of Maiine 
EogineerB waB held here this evening in aooordanoe with the 
iBegalations. The Meeting waa presided over by Ur. A. Beldam, 
first President of the InHtitute. The following statement was 
read by the writar : — 

It ifl with a ooosiderable d^ree of {deoeure that I aab jou to look 
bac^ with me over the put nine months, and trace the footatepa of the 
Institute of Uarine Engineers from the early tottering of childhood to 
the firm tread of youth. I would also oak you to allow your minds to 
soar beyond the limits prescribed by time present, gaze fearlessly into 
the future and behold the Institute in the full foroe and power of its 
perennial manhood. 

In February of the current year, we may say, the Institute was 
founded, when uie first public meeting was ocdled in order to teat the 
feeling of Engineers on the sabieot. 

The Beading Boom waa opened about the same time and the 
table supplied by voluntary oontnbutions. 

The Loan Oolleotion— Malcolm Campbell Uemorlal— waa 
then added as a library of uaeful and pleasant books for the use of 
Members and has hem added to month by month, until sow the 
necessity has arisen for an additional cose to oontain tiie volumes. 

The collection of objeota of interest and speoiiQenB is also mduoUy 
increasing and many somplea and specimens are being held Dock for 
WVlt of yw"Tn "}"'i "l-^^^T 



The seren papers whioh have been read are noir matters of 
histoiy and the conmiente of the Press are each that I need not farther 
refer to them, except to express Ute hope that the papers in prepara> 
tion may sustaiii the character earned by their predeoessors. I am. 
pleased to note that the attendance at the Heading of papers has been 
steadily Increasing. 

The BecreadoD Oonmiittee are now at work -arran^g for a 
Social Ueeting or Convereazione, to be held in the Town Hall, 
Stratford, on the 6th Deo^nber, for members and their personal 
friends. 

The Begistration of the Institute was completed in July, when 
l£r. Nkely received the Charter &om the Board of Trade and forwarded 
the same to as. 

The names of the Council and Office Bearers are printed in the 
copies of By-Laws and Artidee of Association, which may be inspected 
by Uembers in the Beading Boom, and in view of the Election to take 
place at the Annual Ueettng in March, members should examine the 
ist with a vien to the election of the new Council. Toting Lists and 
Notices will be posted in due course in terms of the articles in the 
By-Laws. 



Ust 



The Uemberehip to this date is as under :- 

Members 

Honorary Members 
Associate Members 
Asaociatea , . 
Graduates 



With t^ addition of several applications which yet reowiQ to 
be oonsidered, the total will reach 200. 

£ B. d. 
The Receipts up to this date amount to 321 5 
The Expenditure ., .. .. 201 17 4 



Id conneotion with this cash statement it may be remarked that 
there are several Annual Subscriptions due &om members who hare 
up to this date only paid their entrance fees, and I may take this 
opportunity of asking members to bear this in mind. 



Ktr. Nbelt, 2S, Old JOTrry, wlio acted aa our solicitor in the 
matter, has oar Tarmmt thanks for the maimer in vMoh he conducted 
the nR^ooixtions aad for the personal intMest and trouble he took, and 
in addition for his profeired and oourteous offer to aot as Honoraiy 
Legal Adviser to the btsTrrvTi. 

It Teste with the members, after what has been done b; the 
present Council and Office Bearers, to express their views as to the 
style in which the business has been conducted, and if they are 
satisfied that the honoor' and dignity of the Institute ia safe in their 
hands till the Annual Ueetiog, to move a vote of confidence aooordingly. 
The Annual Ueetine' takes plaoe in Uarch, t&is is merely a formal 
business meeting, called in accordance with the requirements of law, 
to give members an opportunity of expressing their satisfaction or 
otherwise with the Office Beareiv and wbat they hare done. 

It is hiehly gratifying to observe that so many of the leading 
journals ana scientific papers are deairouB of reporting our proceed- 
mgs, and have expressed opinions favourable to the Institute, we 
would thank the various editors and proprietors for their courtesy and 
kindly interest, as well as for their good wishes. 

It is not man^ months since — at our third or fourth Council Meeting 
— when the question arose regarding notices from the Press, I remarked 
that the time would come when, in place of our seeking to obtain 
notice from the Press, the Press would seek to obtain notices from us. 
My remark was prophetic, the time I predicted has come, and the 
spirit of independence, which animated me to make the remark, has 
been justified by the event. 

It is more in keeping with our life work as engineers to prove 
what we are, and demand success by results achieved, than to seek by 
adventitious means to gain that to which we have not proved our title. 

In closing I would seek to act the prophet again. We, I speak as 
the mouthpiece of the present Oouncil, have established the Institute 
on a good, sound basis ; some of us have not spared ourselves in 
seeking to command that success should crown our efforts, and it 
remains with every member of every grade to do his utmost to 
advance the highest interests of the Institute, doing so, I venture to 
predict a great future for it and through it, the whole trade to which 
we esteem it an honour to belong. 

The Chairhah then oommentod upon the work which had 
been done mnce the 12th February, when the inaugural meeting 
was held, and asked for an espression of o|Hnion from membera 
present as to the progress vhioh had been made. 



Mb. S. C. Saqe proposed, and Mr. J. W. Biumock aeoonded 
the motion, that a ooidial vote of oonfldenoe in the present executire 
of the iMsirrtrTB should be passed. — ^Xhis, on bein^; pat to the 
meeting, was oatried ananimoiuty. 

Mr. IjEslie (oonvenei-), reported that a oommittee of ladies 
is working along with the Beoreation Committee in arranging for 
a oonversazioDe, to be held in the Town Hall, Stratford, on die 6th 
Beoember. The programme is well in hand and the meeting 
promises to be a most pleasant one. 

The business meeting closed with a vote of thanks to the 
President. 

On the some evening Ur. A. Beldam read a paper on " The 
Progress and Development of the Marine Engine, which will be 
found in the following pages, also the remarks made in the ootuse 
of the disouBsion, and a lithograph of the Engines rdferred to by 
Mr. Wtmer. The Chair was oooupied by Mr, J. McFarlane 
Gray. 
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THE 
PROGRESS & DEVELOPMENT 

OF THE 

MAEINE ENGINE. 



In October, 1788 (now 101 years ago), there appeared (it is 
said) in various Soot«h newspapers, an account of an experiment 
which was said to be 'no less curious than new.* It was stated 
that, on the 14th inst., a boat was put in motion by a steam 
engine, at Dalswinton, by Ms. Millbb, on a piece of water at that 
place. It was also eaid " that that genUeman for some time past 
had studied the application of the ' steam engine ' to the purposes 
of navigation." Me accomplished and eventually shewed to the 
world me praeticahility of this by executing it on a small scale. 

A vessel 2^it. iong and 7ft. broad was, on the above date, 
driven with two wheels by a small engine. 

It ie said, moreover, that it answered Ur. Miller's expecta- 
tions and afforded great pleasure to &e spectators present. The 
engine need was Ur. Symimoton'b, and was patented by him. 

It was also stated that "a more ocanplet« and beautiful 
experiment was never made by any man, at any time, either in art 
or science." The vessel moved delightfully, and, notwithstanding 
the smallness of the cylinders (4in. in diam^er), vrent at the rate <n 
five miles an hour. 

It continned to ply for some days for the amnsement of the 
projector, and to the astonishment of the country people, who 
assembled from all quarters to witness the wonders of a "boat 
driven by reek." Fifty years later (that is in 1838) the "Siritu" 
and the "Qreat Western" crossed the Atlantic, both arriving at 
New York on the same day, April 23rd, the "Sinus" in the 
morning and the " Gbeat Wwtem " in the afternoon. 



The oredit for the den^ of the ennne and boat usad at 
DaUrintoQ, seems to be oonjomtly due to Fatrics Millkb, Jakes 
Taylor, and William Symington. 

John Scxnr Bdssei.l has remarked "The oreation of the 
Bteamsbip appears to Hare been an achievement too gigantic tot 
any single man. It was produced hy one of those happy oombiua- 
tions in which individuals aie but tools ; each wcnrking out his own 
part in a great fffstem, the whole of which no single one may hare 
comprehended ail the workinga." 

Mb. Soott Russell came to the oonolumon that the art of 
steam oavigation was the joint invention of the three men I have 
already named, and that to their efforts the world owes its present 
advantages. The second steamboat waa constmotcd at Carrou, in 
1789, by the same three men ; it was 60ft. in length, and waa 
fitted with engines having (flinders 18in. in diamet^. It is said 
a speed of nearly sev^i milee an hour waa obtained. 

The first really practical steamboat (the *' Charlotte Ihrndas ") 
was designed by Symington, in 1801, and tried on the Forth and 
Clyde Canal early in 1803. It waa propelled by an engine 
desigoed and patented by Svminotok. It was a horizontal direct- 
acting engine, and appears to have been the first ever made, the 
piston and connecting rods of which were coupled direct to the 
crank ana, the lever being dispensed with. It is eaid this vessel 
was able to tow two vessels (each of 70 tons burthen) a diiitance of 
20 miles (against a strong head-wind) in six hours. The pro- 
prietors of the canal, fearing injury to its banks, declined to adopt 
the new system of towing ; and hence we hear nothing further (to 
my knowledge) having been done hy Stminoton. 

We have now to cross the Atlantic for the next develofoneat 
of the Marine Cngine. John Fitch, an ingenious Connecticut 
mechanic, for many years experimented with different designs of 
engines, and bom 1787 till the time of his death, in 1798, built 
several steam-boats, but in all his attempts he was unfortunate. 

Various other workers were busy in America about the same 
time or shortly after. Most prominent amongst thein was Hobert 
Fulton, who (although American by birth, was Irish by parentage) 
at the early age of twenty-one, by his own exertions, hod acquired 
considerable skill in mechanics and as an artist. Coming to 
England in 1786, he spent some time in mechanical pursuits, and 
arriving (as he did) just before the trials of the Daiswinton and 
Carron boats, his attention was naturally cUreoted to them, and 
about whidi he oolleoted a oonaiderftble amouat of information. 



A£t«r apeDdin; aome jeara m England, he n^rated to Paris, 
when maiiy projeots oooupied his time, suoH as sub-marine 
warfare, locomotion, and ezplonoiifi. 

In 1801 lie directed ttie attention of Livingatone (the 
American Minister at the Conri; of Fiance, who had himself made 
many experiments on the suhjeot) to thn importanoe of steam- 
power in narifating the lakes and rivers of their own country, and 
the two agreed to cooperate. 

Fulton went to work in a thorough manner, and made 
experiments on the resistance of models of different kinds at 
Tarious speeds, and guided hy these results, completed a steamboat, 
which was tri»d on Uie river Seine, in 1803, but the vessel being 
too weak for the hea^ machinery, broke in two and sank to the 
bottom of the river. The maohinery, however, was little injured, 
and the hull being re-oonstructed, a trial was made later in the same 
year, and a speed of 41 miles an hour attained. 

Disappointed in obtaining pecuniary aid from the French 
government, he crossed to England in 1804, and ordered an 
Engine from Boulton & Watt, of 2 feet diuneter of cylinder, 
and 4 feet stroke, which in deeign was a modification of the 
(nrdinary type of Engine made by that firm. 

Fulton and LiviMOsroNE, on their return to America, 
oon8truct«d a vessel called the " Clermont" (which was launched 
early in 1807) and employed the Watt engine to propel it. This 
vessel was larger than any other hitherto constructed ; being 133 
feet long, 18 feet broad, and 9 feet deep. This vessel on its trial 
ran a distance of 150 miles in thirty-two hours, and returned in 30 
hours. This, no doubt, was the first voyage of considerable length 
ever made by a steam vessel. 

After the success of the "Clermont" Fulton built a number 
of other vessels; and in 1812 he designed the first eteam vessel of 
war, which was launched in October, 1814. The "Fulton the 
First" (as the vessel was called), was considered of enormous 
dimensions at that time. The bull was double; her dimensions 
156 feet long, 56 feet broad, and 20 feet deep, and measuring 
2,475 tons. On her trial-trip she steamed 58 mUea in 8 hours and 
20 minutes ; and when her armament and stores were on board, 
made 5} miles an hour. 

Fulton's name deserves to be honoured, for having done so 
much in advancing marine enginewing, and making steam 
navigation a oommeroial suooess. 



Among other AmericonB wKo did nrnoh to promots mamts 
engineering in its early days, I must mention John Stevens, of 
Hoboken ^ho not only much improved the deeigns of engines, 
boilers, and propellers ; but also the form of vemel) and his son 
KoBERT L. Stevens, afterwards known as the designer of Stevens' 
battery. 

Henry Bell, of Helensburgh on the Clyde, having occupied 
his mind on the vork of Fqlton and Livingstone in America, 
now turned to tiseful account his experience of Millkk, Taylor, 
and Symington, and had the good fortune to associate himself 
with an able shipbuilder and ingenious engineer. In 1 812 he con- 
tracted with John Woon, of Port Glasgow, to build the hull, and 
with John Eobertbon, of Olasgow, to make the ei^iines of the 
" Comet." This vessel was 42 feet long, 1 1 feet broad, and 5 feet 
6 inches deq). The engine had a cylinder 11 inches in diameter 
with a stroke of 16 inches. At first she was fitted with two pairs 
of paddles driven by spur-gearing; but this arrangement proving 
unsatisfactory, she was lengthened to 60 feet, and fitted with a 
single engine, which droye a single pair of paddles. The speed 
attained appears to have been about six miles an hour. Mr. Bell 
had associated with him in his experiments, John Thompson, a 
Glasgow engineer, who (feeling himself ^grieved) got Mr. John 
Wood to build a vessel 51 feet long, 12 feet beam, and 5 feet 
deep, whidi was named the "Elizabeth" and made an average 
speed of 9 miles an hour, and thus was able to eclipse Bell's "Comet." 
The " Elizabeth " was, therefore, the first remunerative steam 
vessel in Bntaiu. 

Among the earl; shipbuilders, are the names of Wood, SrEBt., 
Scott, Denny, end Cairo, and engineers, those of David and 
Robert Napier (of the Clyde) stand pre-eminent. Mr. Scort 
ItussELL was of opinion that from the year 1818 till about the 
year 1830, David Napieb effected more improvements in steam 
navigation than any olher man. 

The "Robert Brucb" of 150 tons, built by Messrs. Wood, 
the "Superb," of 240 tons; and the "Eclipse," of 140 tons, were all 
engined by David Napier, and their good construction did much 
to eBtahliui steam-navigation, and render it an object of national 
importance. These vessels were built from 1818 to 1820. The 
oonstniction of the " Jaues Watt" in 1822 was a decided step in 
advance. She measured 448 tons, and was built by the Messrs. 
Wood. In form, strength of construction, and speed, she was 
much before every vessel of her day, having a speed of 10 miles an 



hour. Hot two engines of 50 Korse-power were by Boulton 
and Wait, and vera geared between tbe crank and raddle 
shafts. From the time of the conBtruotion of the "Jaues 
Watc" a gradual inoraase in the size, and improTement 
in the deeign of the Bhipa and raainee took place ; until 
(what was called at the timo) tne " Leviatnan class.'* 
An American veesel, the "Savannah," partly sailing and partly 
steaming, oroseed over to Britain in 1819, and in 1833 the " Boyal 
William" orossed from Quebec; but it was in the year 1838 
that Transatlantic navigation was established on such a basis as to 
prove that it would he oommeroiaUy successful. The voya^s of 
the " SiriuB " and the " Great Western " had already proved this. 
The " Siriufl " was built in 1837 by Messrs. Menzies, of Leith, and 
the engines (which were of the side-lever type) were constructed by 
WiNOATE & Co., OlasKow, her tonnu^e being about 700 tons, and 
her horse power 250. The " Great Western was the first steam 
ship specially constructed for the Atlantic trade. She woe built at 
Bristol by Mb. Patebsoit, her dimensions being 212ft. long, 35ft. 
4in. broad, and 23ft. 2in. deep, and registering 1,340 tons, builder's 
measurement. Her engines (which were side-lever, and 440 horse- 
power) were constructed by Maddsi.et, Scns, and Field, of 
London, having cylinders 73Jin. diameter, and 7ft. stroke, making 
12 to 15 revolutions per minute. The "Sirius" and the "Great 
Western " arrived in New York on the same day, April 23rd, 1838, 
the latter having performed the voyage in four days less than the 
former. 

Tor the neit 20 years the side-lever engine was employed 
almost entirely in the large mail packet companies, and was 
essentially Watts' engine, modified in certain details. The 
Americans used (and stiD use) the ordinary " beam engine " for 
paddle steamers, but in Britain, in order to economize space, and 
bring the weights low down in the vessel, ther were invcried, and 
thus became what were called " side-lever engmes." Some of these 
engines were of magnificent design ; but they were by no means 
sell-contained, the kelsons and framing of the vessels being largely 
relied upon for resisting the stress arising from the action of the 
engines; and this being the case, a low pressure of steam and 
uniformity of motion were matters essential to their safe working. 
The pressure of steam was generally from 31b. to 51b., and seldom 
exceeded lOlbs. on the square inch above the atmosphere, whilst 
the space occupied by moohinery was enormous. I believe that the 
consumption of ooal at this period was about 71b. per indicated 
horee-power per hour. 



The Bte«ple-etigiiie designed hy Da^-id Nafibb atxm 1 
the faTOurite eu^e for driving paddle etaamen, and oontinued to be 
used ior many yean, eepeoially in river steamers, and also tiie 
direot-acting-diagonal or oeoiUatiiig engine (a well-known fype) 
designed, I believe, by Josbph UAunsLBV, aboot 1827. 

"We now come to tbe iutroduction ot the " scrow propeller." 
It is said that Suitu first introduoed the screw propeller in 
this country, and IEkicssoij in America. The same kind of engines 
were used for driving the propeller as were used for paddle yessels ; 
the high speed given to turn the propeller was by means of 
gearing. I re^ird this as being one of the most important epochs 
m the nistory of the steam engine, as suitable for steam propmsion. 

The first British steamer of any size fitted with a screw pro- 
peller was the " Aj-chimedee," 237 tons, and built on the Thames 
in 1839. It waa tested by the Admiralty between Cover and 
Calais with the fastest paddle wheel mail packet* on the station, 
and BO satisfactory were the results, that the Admiralty felt justified 
in introducing the screw propeller into the Royal Navy, the 
"Rattler" and other vessels being fitted accordingly. The "Great 
Britain," built in 1843, was the Wgeat vessel of that day; and was 
remurkable not only for her size, but also because she was built of iron, 
and propelled by a screw instead of piddles. She was322ft.overallin 
length, 48ft. 3in. broad, and 81ft. oin. deep, with a gross tonnage 
of 3,270, and built to the designs of Brunel, at Bristol. I believe 
at the first, she was engined by Mr. G-uppv, vrith one of -the first 
direct-acting engines made, and afterwards re-engined by John 
Fenn axd Sons, Greenwich, her engines being geared to me pro- 
peller shaft. The " Great Britain made her first trip across to 
New York in 15 days, and afterwards (for many years) was well 
known in the Australian trade. Gradually, as ocean ateam-ship 
trade increaaed, and the necessity arose for extending to foreign 
countries (where coal was expensive, and could not be readily oih 
taiued) engineers turned their attention to a higher pressure of steam, 
which was tbus gnidually Lucreased. Amongst those who led the 
way in design and coustmotion of endues of a more economical 
type, are the names of John Elder, Citarles Banuolfh, Jobx 
ItowAN, Edward Humphrey, Hennie, Fenn, and Maudsley. 
These all deser^'e special mention. The first vessel fitted with com- 
pound engines by Randolfh, Elder, & Co.,wasthesorew-Bteamer 
"Brandon." On her trial trip in 18M, her consumption of coal was 
found to be about SJlbs. per indicated horse-power per hour ; and 
the previous general consumption being about 4 to 4|lbs. A similar 



type of 'W^fls had "bew made and oaed extonBively ior land 
porposesiby Q(wi>~bu>wbb Aud Wolf; ; but£AVnu[fi{ iijp Eldbu 
were the &nA io.tmploy them for mariQe purpoHB' 

Id 1856 Banewlpu and Eldbs engined two veaaela for the 
Pacdfio Steam Navigation Company, the preeflure of eteam "being 
about S5lba. above the atmosphere. The condenBer was of the old- ' 
fashioned jet deecriptioD, and on Bervioe the oonsumption of ooal 
was 2^1bs. to 3Ibe. per indicated horse-power, being the moat 
eoonomical marine engine of the day. The " Talpandso " was the 
name of one of these vessels. 

Messrs. Randolph and Eldek took up the receiver type of 
the compound engine at an early period of its history, and from 
the years 1867 and 1868, a. rapid increase in the use of the 
compound engines took place, and in a few years they became 
universal to the mercantile marine. 

Steam pressures soon went up to 80 and even lOOlbs ; thus 
considerably improving their efficiency, and bringing down the 
consumption of coal to about 21b8. per indicated horse-power per 
hour, and in some oases lees ; but this great saving in fuel oannot 
be attributed solely to the high working pressure of steam, nor to 
the compound principle on miiob it is worked, but to the " Sorfaoe 
condenser," wluch, in my opinion, has done more towards perfecting 
the marine engine than any other invention. We are indebted to 
Mb. Hall, of Dartford, for Hie introduction of the " surface i 
eondinser" (about the year 1838) which, bowever,did not oome into 
general use for many years later. Mr. Hall's condenser only 
failed because he did not sufficiently provide for the expansion and 
oontractioQ of the metal tubes; and owing to the inabilitv of 
keeping the tubes tight, siurface oondensation was thrown back 
several years, and we are now indebted to several other well-known 
engineeiB for their endeavours to perfect the " surface condenser." 
Mb. John Predbrick Spencer, of London, spent much valuable 
time and money to this end, and was the first to introduce the 
india-rubber packing at the end of the tubes in order to get over 
the difficulties experienced by Mr. Hall. 

The salting up of the boilers was a great difficulty in the way 
of the development of the marine engme, and, but for surface 
oondensation, we should not have bad the present compound or 
*' triple expansion " engine. By iis introduction was obviated the 
direct waste of heat (necessitated by continuously brining or 
blowing oS part of the wat«r from the boilers), and this combined 
with the greater degree of expansion (rendered possible by the 



acloptioD of oomponud engines), workiiig vith lugher steam 
preBsures, hod the desired result of reducing the coal oousuniptioii 
in proportioii to the pover developed, bj more than one half ; or 
■we may Bay, that from the adoption of fie compound engine to the 
year 1872, marine eDgineers had doubled the working efficienny of 
the marine steam engme. The result of this eoonomy was a lai^ 
developioent of steam shipping, inasmnoh as it enabled the ship- 
owner to employ steamers profitably in trades from whidi they 
were previously adut out ; while larger and more powerful steamen 
of the then modem type took the plaoe of older ones. Owners of 
Passenger Lines went m at all risks for very large and powerful 
steamers, amongst the most enterprising of whom were those in the 
Atlantic passenger trade, the Cunard Co., the Inman line, the 
Allan Line, and the White Star Line. Here mention of the 
White Star Line recalls to my memory their first steamer, the 
" Oceanic," starting on her first voyage from Liverpool to New 
York. I resided in Liverpool at that tune, and the town (at least 
all those who were interested in shipping), was all excitement To 
this company much credit is due, for the high rate of speed, and 
the luxurious and comfortable mode of traveling which now exists, 
and although much was said about the propwtions of these steamers 
at the time (in fact, public opinion was against them), the owners, 
and builders (Messrs, Harland and Wolff) had every ooofidenoe 
in them, and it is needless to say that their expectations were fully 
realized. It is also a well-known fact that the performances of 
these steamers awakened the other steam-diip owners in the Atlantic 
trade, and led to the high rate of speed which is now attaine.i. To 
the managing owners of this Company (Messrs. Ismat, Ihrie, and 
Co.), the Marme Engineer and Naval Architect are indebted for the 
opportunities given of displaying their abilities and showing to the 
world what can be done. 

The White Star Line were soon followed by the Guion Line, 
with their " Arizona " built by Sir William Pbarce. The speed of 
this vessel proved superior te that of the White Star vessels. The 
greatest power developed in any of the Atlantic liners previous to 
the " Arizona," was about 5,500 indicated horse-power, on a piston 
fqpeed of about 600 per minute. The "Arizona" had cybnders 
62 inches diameter, the high pressure, and two low pressure cylin- 
ders eadi 90 inches diameter, with a stroke of 66 inches, and was 
at that time oonsidered te be quite an exceptional vessel. Her 
performanoes, however, were soon eclipsed by the " Stirling Castle." 
This vessel had engines with 62 inches diameter high pressure 
<rrlinder8, and two low pressure cylinders, each 90 inches diameter, 



-frith a stroke 6ft. Sin, and idO Ibe. workiBg fiteam preesore. 
The reader of this paper, mode the specification for thie steamer 
throughout, and supermteuded the oonfitructiou, and is pleased to 
have the honour of saying she was the fastest Ocean-going yessel 
at that period. The " Arizona " (the Greyhound of the Atlantic), 
however, was not long destined to hold plaoe as the swiftest Atlantic 
vessel, being soon followed by the " Alaska," " Oregon," " Umbria," 
and " Etruria." The two last-named vessels belong to the Cunaxd 
Line, and have cylinders each as follows: — high pressure, 71 inches, 
and two low pressure, 105 inches, with a stroke of 72 inches, indicat ing 
14,320 horse power, on a single sorew propellor. I cannot pass over 
these vessels without mention of Mr. Archibald Bbyce Docolas, 
who constructed theee engines, and whom I believe to be the only 
engineer of the present day who has made engines to indicata 
14,320 horses through a single propeller, with such sueoess that they 
have done their work regularly, and without ahitoh. An engineer 
who turns out such high-class work — and propels so many thousands 
of passengers to and &o to their respective ports, at such a high rate 
of speed, voyage after voyage, and year after year — should not only 
be respected by his fellow engineers, but be recognized as a 
benefactor to his country. 

We now turn frojp the compound engine, in order to direct our 
attention to the latest type of marine engine, the triple or even 
quadruple principle. 

The first engines made on the " triple ex^nsion principle," were 
those made from the designs of Mr. A. C. Kirk (now Deu Kirk, 
and of the firm of Messrs. R. Napier & Sons) in 1874, for the 
steamer " Propontis," owned by Mr. W. H. Dixon, of Liverpool. 
These engines had three cranks, and were supplied with steam by 
Bowan's patent boilers. During the time the boilers held good, 
the engines worked well, and gave great satisfaotion ; but un- 
fortunately the boilers failed, two out of the four having exploded 
with disastrous results at sea. 

The boilers were replaced with the ordinary type, working at 
90 lbs. of steam, at that time considered a very high pressure. The 
engines worked well, but oould not give the results they were 
designed for at such a low pressure of steam. I believe, however, I 
am correct in saying that new boilers have been put in, at a working 
pressure of 1'jO lbs. steam, and that these ^rs^ triple engines are now 
giving great satisfaction, are a credit to the designer (Dr. Kirk), 
and should also be regarded as the first triple marine engine made 
and fitted, with suocess in an ooean-going steamer. 
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FrtHQ the yeai 1874 (in -vbiah I b&ye said the *' Fropentis " 
vras fitted with the triple engine) to IS^j.* nothing; of importanoe 
was done in regard to highw worldng presaure of steam, than that 
being used in the ordinary componnd engine. I oan, bowevw, 
from the conversittioii I have personally had with Dr. Ejks on the 
•uhjeot — oaBure you tliat it waa not the want of oonfidenoe, or any 
misgiTings whatever, on his part with regard to the prindple. There 
Was for a short time the want of a auitaUe boiler, or in otner words, 
the need of a boUeF which oould withstand 150 lbs. working preestus, 
and at the same time merit the approval of Xiuoya's, and the Board 
of Trade, in order that the shipowner might get iua certificate for 
seaworthiness. Afonysohemea and experiments were made, amongst 
them the Bowan, the Howard, the Boote, the Jordan, the Perkms, 
theHerreechoS, and the Tnmer boilers (besides others) ; but all these 
forms failed or gave so much trouble at sea and expense to the 
owners, that they nad to be abandoned. 

The Engineer found a friend at laat in tteet, thanks to Bessemer, 
Siemens, and others, who worked hard and so tjioroughly to obtain 
perfection in this mat«ial. Now, by the aid of steel we are able to 
make the ordinary type of marine boiler for the heavy pressure we 
now work at. Mention should be made here, that we do not overlook 
the faot that the engineer has been at work^ meet the times with 
many clever and useful inventions, in the shape of hydraulic 
benders, fiangers, riveters, and other ingenious tools. 

Having surmounted the difficulty of the BoUer question, another 
serious obstacle presented itself (or I may say had for a long time 
been a great drawback te the engineer) viz : the want of a ship- 
owner who believed sufficiently in the engineer, to give bim a carte 
blanche te build a steamer and put in the tnple-expansion engine. 

Mb. Cornelius Thompson, of the firm of Messrs. George 
Thompson & Co., London, Sailing Ship owners, at last consulted 
with Dr. Kirk and Mr. Parker as to the advisability of having 
the triple- expansion engine in their first steamer, and ultimately 
Dr. Ku'k's firm (Messrs. R. Napier & Sons) were favoured 
with the order to buitd the now well-known steamer "Aber- 
deen," which gave so much satisfaction that soon two othera 
were built, viz. : the " Australasian " and " Damasous,". and 
I consider great praise is due to Mr. Camelius Thompson for 
the confidence reposed in these gentlemen, oontribatinp so 
mater^y to the advancement and development of the Marine 
Engine. Of course it is useless for me to say that from 
the time the "Aberdeen's" results became known, the triple- 



exponnoD prinoiple became gfineral. To tdl pntctical engineen it 
beoBme apparent that the boilers under a working preaBnre of 150 
lbs. and apwards would b« a aooroe of anxiety and trouble, and 
indeed this to a very large extent haa bewi Tonfled, in ae much as 
the fomaoefl of the marme boilers under theee heavy presauree 
have indicated weakneee, and in hnndTedB of oases given muoli 
trouble. This difficulty is bdog overoome to a great extent, ^x^ 
supplying vesselB with a freBh-wat«r feed sup^y, which is a simpls 
maohue, out, in my opinion, invalnable to the safe working of uie 
Marine Boiler at these nigh preesnreB. Iforeover, the performanoes 
of the triple engines depend on our sea-going engineers, as much 
more is required of them now in order to oope vHh 150 to 300 lbs. 
of steam to the square inoh. I think veiy groat credit indeed is 
due to OUT seaming engineers, seeing how rapidly pressuros have 
increased, and now well they handle the various improved machines 
entrusted to their charge, including refrigerating, electric lighting, 
ventilating, pumping, forced draught, and a host of oth^ 
inventions requiring watchfulness and skill, and without which 
the Marine Imgine of the day would not be perfect. All have 
to be understood, worked, and kept in working, order by the 
Engineer. I am sure of one thing, and that is, that engineers of 
our great mercantile marine are becoming more valuable and 
important every year to the travelling pnUic, and to the whole 
oommunify. 

1 might continue this paper for hours by oompariBons and 
results of various vessels, but I must content myself with giving 
you a few dimensions and partioulars of one or two only. 

I related that in 1788 the first steamboat had cylind^v 4 
inches diameter, and in 1838 the " Birius " and " Cbeat Western " 
crossed the Atlantic. I have nothing to guide me as to the 
number of days they did it in ; but the piston speed of the " Great 
Western" was about 210 feet per minute. The "Qreat Britain'' 
croesed to New York in fifteen days on her first trip, burning 
about Tibs, of coal per I.H.P. per hour. The first triple veesef, 
dieS.S. "Aberdeen (not takingint« consideration the"Fropontis") 
3,600 tons, and 2,000 I.H.P., burned about IJlbs. of coal per 
LH.P. per hour. 

But the first regular Atlantic Linet« I know of with triple 
engines, are the " City of New York," her sister ship, the " City of 
Paris," and now, the " Teutonic," all twin screws. One can hardly 
imagine all Uie fine Atlantio Liners being compound, except the 
last three named, and this shews how slow many are to take up the 



triplfr-expanBiOQ principle. . The dimenaioDB of the " City of New- 
York," and the " City of Paris " are, 560 feet over all in length, 63^ 
feet beam, and about 35 feet deep. Cylinders, 45in. H.P. 71in. Int., 
and 113in. L.P. by 60 inebea shuke ; piston speed 850 to 900 feetl. 
Nine boilers oontaming 54 funiaoea about 3 feet 11 inohes diameter, 
1501be. of steam ; indicating about 18,000 H.P., with closed stoke- 
holds ; built by J. and Q. Thomson, of Glasgow, to whom they are 
a great coredit, inasmuch as they ar6 making rapid and regular 
passages. The "Teutonio," of the White Star Line, made the 
fastest maiden passage across to New York on reoord. Her 
dimensions are similar to the Imnan Liuersi she has twin scovwa, 
worked with or without forced draught, and her boilers arranged 
differently from the others ; her machinery about the same di- 
mensions, and although as yet she has not quite oome up to the 
time of the " City oi Pans," she is expected to do so. The 
" Majestic " building at Uarlanr & Wolff's is expected to be on 
the trade early next year, and is a sister vessel to the " Teutonic." 
The engine-room staff of each of these vessele being about 143 hands. 
The shipowners of Liverpool deserve the greatest praise in building 
these floating palaces for the comfort of the travelling public ; and 
let us hope they will be remunerated for their pluck, as well ae 
for the great anxiety such undertakings naturally oring. 

CHAIRMAN'S REMARKS. 

Mr. J. Mc F. Gray. 

The paper whioh has just been read to us by the President of 
tbiH Institute is most appropriate in its subject, and the manner in 
whioh he has marshalled before us the principal facts in a century's 
improvements in marine propulsion has been moat agreeable and 
instructive. It is, however, impossible to do full justice to any one 
step of that triumphant march, when in less than one hour the stoiy 
of a hundred active years has to be told. The paper is very 
su^^estive of subjects for future papers, eaob of whion might deal 
wim a section of the present paper, expluning at some length how 
defects were successively reoognised, and the tentative process by 
which the required improvements were at last reached. If no other 
gentleman will volunteer to open the discussion on the paper, I 
will invite my colleague, Mk. Wtheb, to tell us some of his 
recollections about the &8t fifty years of marine engineering, as I 
know that he has had exceptional opportunity of knowing ul that 
was going on in that period, and he has remembered it with great 
aocuraoy and keen intelligenoe. 
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Mb. WYMER'S Remarks. 

I think Mr. Beldam is in «Tor in saying tliat the " Oreei 
Britain " was at first fitted with direot^aoting engines, by Mr. 
GtrpFY. If my memory serves me aright the first engmes were what 
are called gea»d migines, a la^ pitehed chain or belt being used 
to get up speed on the propelling shaft. After &e vessel strand- 
ing in Dundrum Bay these engines were taken oiit, and the vessel 
supplied with oscillating geared engines, by Messrs. John Pehn and 
Son, of Greenwich ; this steamer afterwards proved to he a great 
Buooess on the Anstralian trade. 

Mr. Beldam also speaks of the speed of Paddle Engines 
being about 200 feet per minute. In relation to this I would like 
to point out to the meeting a case that came under my notice in 
the year 1843 (being at that time an apprentice with Messrs. 
Cairo and Co.) ; I was then employed on the oonstruotion of a 
mnall river steamer called the " Waterwitch," in which the late 
Mr. James Caird fitted a pair of eng^es, with two oylinders of 24- 
inch diameter by 4 feet stroke, the paddle wheels were 10 feet 
diameter. On being placed on board the vessel, these engines 
were driven at 66 revolutions per minute (on a speed of piston of 
524 feet per minute), the vessel proving to be one of the fastest at 
the time on the Clyde. A tracing of a drawing made of theee 
engines at the time in my evening hours will gladly he ^ven to 
the Institute as a record of what nos been done in the mattw of 
high speed of pistons for Paddle Steamers, as it is in this direction 
tl^t I thick we must look for any increase oE speed in Paddle 
Steamers. 

The names of many of the vessels spoken of by Mr. Brldah 
are very funiliar to my ears, as I can remember Crossing the Bay 
of Biscay in the " William Fawoett " in 1834-5, agam in tixe 
" Boyal Tar " in 1835, and up the Mediterranean in 1836, with the 
" Manchester," returning to England in the " Iberia " in 1837 : 
since which time I have been more or less oonnected with the mer- 
oactile marine of this country. 

When a young man, in 1850-51, on my visit to Botterdam I 
found compound diagonal paddle engines at work in the tug boats 
of the Rhine, the boilers in use being oonstructed in a nest of six, 
in one brick-work oamug, witii a working pressure of 80 to lOOlbs. 
per square inoh. 

I remember one infltance of wta-king on board an old Spanish 
steamer, engined by Mr. David Napier, in which the paddle shaft, 
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' main shaft, upper and lower oross-faeadB; wwe aii of caet-iion — the 
eoceatrio sheave being loose on t&e shaft, it had been placed in the 
mould and the shaft oast inside of it, and afterwarda it worked on 
its Beat (bein^ used as a loose eooentrio) on the diaft with stops^ 
&e. ; the engines wwe of the steeple patten. 

Mb. Bkldah's paper is one of mooh interest to a meeting liks 
tiiis, and one that should lead as to gire credit to those who have 
aseisted in bringing maohineiy and shipbuilding to what it is. 

I shall be glad to give s diAwing of the old type of engine to 
pnblisb with the paper. It may be of oonstderaole interest in 
these days. 

Mb. J. H. THOMSON'S Bemarks. 

Mr. Bkldah has given us a range of Steam Pressures from 
41bB. to 2001be. per square inoh. A few years ago, when epeaking 
to an old en^eer about leaky tubes, he related hia expenenoe <n 
one of the firat vessels be sailed in, "n^iere they had some trouble 
with the boiler tubes when in harbour, but none at sea, for as soon 
as they got dear they rednoed the pressure of steam to a little 
under the pressure of the atmosphere, and frequently made tbe 
voyage of about 500 miles at a rate of from 9 to 10 miles per 
hour. He did not state the ooDBumption of coal per I. H. P. 



Mb. J. W. RICHARDSON'S Remarks. 

I would like to say a few words with respect to a remark of 
Mb. Beldam, relating to his statement that Db. Kibe was 
entitled to the credit of first introducing the triple expansion 
engine* ; I think it is correct to state that the honour of making 
the first successful introduction of the triple expansion engine is due 
to Mr. ALEXA^ der Taylor, Consulting Engineer, of Neweastle-on- 
Tyne, he having fitted it on hoard the " Isa " steam yacht in tbe 
year 1876, with a pressure of I201bs. ; also in the steamer 
" Claremont," launched in November, 1881 ; in the " Albertina," 
launched June, 1882 ; the " Millioent," launched December, 1882 ; 
and the " Isle of Dursly," launched 7th June, 1883. The pressure 
of all these, except the Bret, being IdOlbs., and all the boileta for 
these ships being of the ordinary cylindrical multitubular type. 
Most 1^ tnese vessels are running suocesshilly at the present day. 
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Had it not been that I think this lustitate should giTehononr 
to wkam. honour is doe, I would not have trouhled 70U vith ai^ 
remarks on this oooasion. 

I have learned that the SS, "Sexta," built by W. Gray and 
Company, of West Hartlepool, was in 1874, engined by tiie 
Ousebum Engine Works, of Newca«tl&^n-Tyne, with a Bet of 
Three-Cbank Triple Expansion Enqineb, llin., 17in., and 
24in., and an ordinary oircular multitubular boiler, at about 
lOOlbs. presBuie, but I understand vae not a buoc^b, and the whole 
were ultimately taken out of the ehip. This was either sometime 
before, or about the same time as the tliree-<!rank triple expansion 
engines of the "Fropontis" were tried, with Bowan's patent 
Boilers, which Mr. Beldam mentioned in his paper as beong also 
unauoceasful. 

Me. J. R. RUTHVEN'S Remaeks. 

If the propeller is considered as part of the marine engine, theu 
the history of the hydraulic or jet propeller must be included. The 
only system that I have practical experience of is that designed by 
my father ; he has been wco-kiug away at it for the laat 50 years and 
I am happy to say is at it still. 

The largest one he has designed and seen carried out is that 
for H.M.8. " Waterwitch." The chief interest in this system for 
our members is the safety of the ship. When the whole of the 
engine power is applied to pumping out leakage, and the ship being 
propelled at the same time, we may hope to hear no more of fihips 
foundering from defects in the pumps. 

When Mr. Wyher read his paper on bilge pumps, and drew 
such a heartrending picture of the hopelesBuess of the state of 
affairs when a smaU pipe was choked, I could not help thinking 
what a grand time it will be for our members and the snip's orew 
and passengers when more water can be pumped out by the engines 
than can come through a hole two or th»e feet in diiuneter. 

Mb: S. C. SAGE'S Remaeks. 
I can endorse what Mr. Wymek has stated about the first 
engineB of the " Gireat Britain " being worked with a pitch chain, 
as I have often heard my father — who worked on those engines and 
those of the "Great Western" — speak of them. My father went to 
sea his first voyage as a Junior Engineer in the latter vessel, and 
as some slight incident — a collision I believe, ocoured on the voyage 
which resulted in a cow being somewhat unceremoniously and 



guddanl^ introdnoed into his room (iiliidh was sitoated on the 
Sponeon adjacent to the oowhoiue), the first voyage prored to be 
his last, that is a m^nber of the " Black Bqvisd. 

I can also remember myself a veiy maoh diSerent state of 
things that existed when first I went to sea to what prevails now. 
One ship, I was second of, having the safety valves weighted to 
seven pounds per square inch, and I have been in more 1,han one 
Teesel where the two engineers, first and second, both lived in one 
room, and .that one so raiall that one man had to . dieas and leave 
before the other ooold turn out. 

CHAIRMAN'S CONCLUIUNG REMAEKS. 
Mb. J. Mc F. Quay. 

I have much enjoyed the animated discussion, or rather 
pleasing additions, which have been oontributed by the gentlemen 
who have spoken, and the author of the paper must be gratified to 
witness the keen interest which his paper has excited. I can 
endorse from personal knowledge what Mb. Wtmer has said about 
Mb. David Nafiek as an able engineer, 1 was draughtsman where 
he was getting his rotair engines built, in 1854, and I then had 
from himself Ibe story of all Hs engineering feats. I remember well 
how he enjoyed tolling me about the oaat-iron intermediate crank 
shaft, with the loose eccentric, cast whole and yet turned out to 
fit their turned seats between the two cast cranks, and how 
engineers in London could not ma^e out how it was done. He 
may be said to have before that retired from his active engineering 
career, but he was still occupying his retirement in advancoDg 
engineering in new directions. The paddle steamer he was then 
running had a rotaiy engine, a surface condenser, feathering floats, 
a water-tube boiler with water-tube fire-bars, pressure of steam 
401bB. 

The progress which has been made in marine engineering is 
marvellous, whether we regard the number of the steamers or the 
immense size and power of some of their bulls and engines. I 
cannot help looking at this progress as being reaUy a continuation 
of the work of creation, the material and the genius being both 
supplied to lis by the Great Engineer of the Universe, who " unseen 
helpeth us with faithful hand." What will be the end of this 
Engineering development in all directions, no man can tell, but, in 
the meantime, I think its contemplation is very encouraging to any 
one who may be afiking, What is man ? and what is his future f 
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Mr. BELDAM'S Clohno Bbiubeb. 

In reply to Ma. UcFablajib G-kat who Iuq kindly presided 
this evening, I &gree with him in Baying the paper I Mve just 
read is suggeetiye of sabjeote for future papers, wmoh I hope some 
of our membera will kindly give. I am glad to hear from 
Mb. Q^ray also, that he assiBtea in some of the work oorried out 
by Mr. David Napier, and had the advantage (as a young man) 
of personal interviews with him, and that he agrees in what I have 
said with regard to his work. 

Mb. BirHARDsoN is no doubt eoneot in stating Mr. Axbx- 
ANDBR Tavlor was (as early as 1876), a maker or designer of a 
triple^Dgine tor a ^toht ; bat it was in the year 1&74 that 
Mb. Kirk completed the "Fropontis," and although the boilers 
proved onsuooessful — nevertheless, the Engines were on the " triple 

{iriooiple " and did their work well whilst being supplied with the 
uU pressure of steam before the boilers gave out. Mr. Wyhbr's 
remarks are very interesting indeed, and Qe has told us here to-night 
that in 1850, or 1851, be saw engine* on the compound principle 
(on the Bbine) working at 80 to 100 pounds pressure per square 
inch. This is all new to me, and oorreot I am sure, as long as 
Mr. Wyhbr says so, and I cordially agree with hJm that great 
credit is due to Uie Kngineer who carried out that job at so early a 
pmod, and moreover that he would have been a pioneer had he at 
that time made known to the world his piincdples. I have to thank 
all present for the patient hearing they nave given me, and for the 
discussion which has been entered into with so much spirit. If I 
have given undue credit to any, in preference to those who olaim 
priority — in the absence of sumoient information on the subjeot— 
my only desire has been to give as true a history as I possibly 
could for the information of our young members present, and not 
tor the puipoee of puttiug ooe Engineer or any particular Firm 
before another ; and in order to open np discussion on tiie subjeot. 
I ma/ be a little wrong in some of my dates, or differ from the 
opioiou of others, but I dose my rem irks by saying, that I have 
tried to keep right to the beet of my ability. 
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In re{»ence to the remerKs mode oe to the eariiest adoption oi 
the principle inTolved in the deeign of triple ezpuisioo enginee : — 
the end devatioii of a smnU enftine designed by Mb. J. Fbkguson, 
of Hrbsrs. Flkmino and Fkbdubon, Paisley, is eiren. Tbe date 
in not«^ on the lithogmpli and may be oompared with the other 
dates given or referred to in the body of the paper and disousnon. 

The original engiDG designed by Mr. Ferouson, and which it 
was iutmded to oon^^ot, ww of the Mone type as that ebown bnt 
with large ojlindew, i.e., H.P 40in.. Int. P. 60iii., L P. lOOin. 

The same proportion whs ndopfed for the smaller engine, — 
H.P. 4in., Int. P. 6Jin., LP. lOin.,— which was fitted in the 
" Mary Ann," owned by Mp. O'Dkikn, of RaDgoon. The veaael 
is still running, and is reported to have given every satisfaction to 
the owners. 

This information has been furnished by Ursbrb. Ft.rminq 
and Fkrouson, and it is added here in order to give due credit to 
Mr. P'rrguson for his enterprise and his work as a Pioneer. 
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PREFACE. 

A meeting of the Imbtitutb waa held this eTening, presided over 
ly Mr. J. McF. Gsat, when a Paper on MaHiu Kngine Qovernon 
was read by Mr. J. D. Cbubchux. 

The Paper, and the discussion which ensued, will be found in the 
following pages. 

The anbject matter of the Paper is of great interest, and the 
Temarks made daring the course of the discussion revealed the foct 
that, in a large majority of steamers, the Qovemor is not held in much 
■esteem, for one reason or another. 

A desire was expressed that we should have another Paper and 
■discussion on this subject ; and it was arranged that a Paper should be 
read by Mr. Churchill on his own Qovemor. This desire may be met 
probably before the close of the present Season. 

In order to save the labour and expense of sending special notice 
to each member r^aiding meetings, it has been proposed to post 
intimations on the board in the Beading Boom, and in addition give 
notices to the various joomala and papers by the courtesy of whose 
«ditors and proprietors, our meetings have been hitherto intimated, and 
afterwards reported, as :- — The Engijuer, Knffineering, Iron, Fairplay, 
Indutlria, The Praelieal En^netr, Mechanical World, English Mechanic, 
Iron and Coal Tradet' Revieie, Stratford Expreu, Greenock Herald, 
Lennox Herald, Irvine Herald, Ayrxhirt Po»l, and others of the weekly 
journals and papers ; Ths Marine Engineer, Shipping World, Steanuhip, 
dc, of the monthly journals ; The Shipping Oazette, Liverpool Journal 
4>f Commerce, and other daily joumals and papers. 

Will members please bear this in mind ? 

It should also be borne in mind that the Annual Subscription is 
•due from each member on the anniversary of his election. 

Notices of the Annual Meeting to be held on Friday, March 26th, 
also voting papers for the election of Office Bearers and Gooncil 
for 1890-91, and copies of the Articles of Association and By-laws 
^Is. each) are being prepared, a copy will be sent to every member. 

JAB. ADAMSON. 

Hon. Secretary. 
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Marine Engine Governors. 



Thb wbtter does not propose to go into the meohanical qnestion, but 
is more particularly desirous of bringing before your notice some focts 
connected with Marine Engine Qovemors which may not have 
presented themselves to your minds ; also to meet objeotions Bometimes 
raised to their detriment, feeling confident that if they were more 
thoroughly understood, they would be much more highly appreciated, 
and the frivolous objeotions sometimes raised would be appraised at their 
real value. 

Judging by the writer's experience, which is far from limited, 
Governors have rarely received the attention they deserve. They have 
a very considerable and direct bearing on, or connection witti, the 
c[uestion of preventable damage and losses at sea, consequently they 
ought to receive special attention from those interested. 

Where human life and enormous amounts of valuable property are 
at stake, it is the bonnden duty of all concerned, whether owners or 
otherwise, to insist on every possible precaution being taken to 
minimise the risk ; therefore, any appliance or arrangement which iu 
any way tends to this desideratum demands careful and prompt 
consideration. Pohtical economists tell us that every loss, whether of 
life or property, is a national loss, and is not confined to the individual. 

It is not necessary for the writer to explain the Mechanical details 
and action of his own Velometers and Qovemors, seeing that there are 
upwards of 2,200 of them in use, which may be accepted as ample 
proof of their effieiency. 



The Compoand Attachment ia an arrangemeDt actuated by th» 
Governor, by which all the cylinders may be controlled. If perfect 
Goreming is required this should be fitted in aU cases. 

The writer's remarks refer solely to Goveraors operated or driven 
by the main engines, as he considers all others are but very poor 
apologies and not entitled to the name of " Qovemor," as they have 
only occasional control over the engines, not available in case of 
accident, whereas, a real Governor, properly fitted and worked, has 
continuous control over all the cylinders under all ooaditiooa and. 
circumstances. 

Governors are frequently fitted in positions most difficult, some- 
times dangerous, to get at, giving the idea that thej are not intended 
to be used, only viewed horn a distance. Consequently they are not 
always kept in proper working conditicm, much less continuously at 
work, as they ought to be. This is not Eur to the makers, and. 
unfortunately, they are not in a position to insist on proper fitting and 
ocation of the machine. 

A strong protest ought to be entered against Governors being- 
considered as only rough weather attachments. They are that and very 
much more. A Governor is as much an integral part of an engine aa 
a safety valve is an integral part of a boiler, or an automatic brake is 
of a train. The law compels yon to fit these to prevent accident. 
For precisely the same reason it ought to be compulsory to fit a 
Governor. A Qovemor is, pre-eminently, a safety appliance, and not 
as most people imagine, simply a machine to prevent racing. It is a 
safety appliance diraotly affecting, as it tends to prevent or minimise 
the effects of a break down, and possible loss of life and property at sea, 
and as such it ought to receive very special attention firom those 
responsible for the lives of our sailors and passengers. 

The machine ought to be so fitted as to be easily accessible from 
the starting platform, and so that whenever the engines are at work it 
shall be in operation. It ought not to be optional with, or even left to 
the discretion of, the engineer on watch to decide when it shall be pat 
on, unless you can make it optional with him, or leave it to his 
discretion, when an accident shall happen. It is an automatic check 
in case of accident, and common sense and common humanity demand 
that it should be a permanent attachment and coBtinnonsIy &t work. 

A good Governor, if properly fitted so as to control, atanyrate. 



two oat of the throe oyllndera, will prevent racing, bat it is imreasonable 
to expect it properly to control a three or four cylinder engine when it 
onl; has bold of the H.F. cylinder, tbns leaving two-thirds or three- 
foarths of the engine aacoatrolled joat at the most critical moment. 
If a Governor and Compoand Attachment are properly fitted to an 
engine, no matter how many oylindera it may have, it will be held 
under perfect control with fall steam on, and the ship may be driven, 
— BO for as the engines are concerned, and without reference to those on 
deck — at full speed in the heaviest weather, and there will be no 
indication of racing. 

It is in heavy weather when the engines are subjected to violent 
shocks and stresses, caused by exoessive and sadden variation of load, 
that the damage commences, but owing to the engines being eaaed 
down, the beginning of an accident does not then appear. When the 
weather moderates the real danger of a break down arises, as fall steam 
is then put on, stressing everything to its ntmost, and then follows tho 
oollapse. 

Perhaps it has never occnrred to many to notice when break downs 
take place. By far the largest proportion occur in fine weather, and 
not in rough weather. It is in fine weather that the engines are most 
severely pressed. If the shaft breaks, the engines will fiy away at an 
unknown speed, and, before the engineer has time to think, much less 
to act, it is through the ship's side or bottom, or the stern is pretty 
well shaken off, in either case producing serious leaks, as in the case of 
the s.s. " Danmark," where some 800 lives were in peril from this 
very cause. If a good Governor properly fitted is continuously at work 
the engines could not practically exceed their normal speed ; thas the 
danger and dam^e would be reduced to a minimum in case of accident, 
as it would give the engineer in charge a chance to stop the engines 
before much damage could be done. 

The injurious effects of racing are felt throughout the whole 
engine and its fittings, and the author cannot do better than quote the 
words of a well-known writer on this subject, Mr. T. O. Barron, who 
speaks from long practical experience at sea. He says : ■ ■ When an engine 
attains suddenly a speed of double the number of revolutions per minute 
at which it is intended to run, and is as suddenly brought up to its 
normal rate, it may be said to be racing, although very much worse 
racing than this is common enough ; and the whole strain of the 
sudden check to the engines, oansed by the extra resistance offered 
hj the water to the propeller as it dips, after being partially or wholly 



lifted ont of the water, most neoessarilj be transmitted through the 
whole length of shafting and ooapling bolts from the propeller shaft 
to the crank shaft. If the Governor is quick enough to check the 
raoing before the propeller is again immersed, the twisting strain to 
the shafting will be avoided, or at least greatly reduced. There is 
also a severe straining to the pumps, pump rods, and lin^, caused b; 
the racing, the pumps being unable to deliver the water quickly 
enough ; and the bucket valves coming down heavily on the surface 
of the water put extra weight on the rods and other gear, as well as 
destroying the v&lves. The feed pamps being only partially filled 
with water, and the rams coming suddenly io contact with it give a 
shock to the barrels of the pumps, and also to the pump orosshead, 
etc., which is not the case when running at their normal rate. A 
continuance of this vibration loosens the foundation plate of the 
engine, and in fact it would be difficult to say where the evil of racing 
ends, and it is only necessary for the shipowner to know a small 
portion of it in order to see the benefit of a thoroughly efficient 
Governor." 

Only quite recently we have had reports of serious damage having 
been done by racing to the pump valves, condenser doors, etc. In 
one case the condenser doors were cracked, and the main steam pipe 
caused to leak, necessitating the stoppage of the ship at sea for 
repairs, generally a very difficult and dangerous operation. 

Amongst other Very serious results of raoing is the loosening and 
frequent fracture of the stem tube and bush, and damage to the hull 
caused by excessive vibration ; also the great alarm it causet* on board 
passenger steamships, a serious consideration, though it has neither 
a mechanical nor economical bearing. 

There is also the prejudicial effect of vibration, such as that 
produced by racing, on the chronometers and compasses. This is 
confirmed by the leading makers of these instruments. 

If an ungovemed engine gets away, which it may easily do, to 
three or four times its normal speed, it will cause oonsiderahle agitation 
of the water in the boiler, materially facilitating, if not actually 
causing, priming, especially in boilers so inclined, thereby incurring 
the risk of serious damage in the steam pipes by water hammering, 
and breakages in the cylinders. The condenser is liable to become 
overheated, owing to the circulating pumps not working efficiently at 
racing speeds, causing partial or total loss of vacuum when the full 



power of the engines is required, danger o! leakage, and breakdown of 
condenaer through undue expansion and oontrMtion. These diffioultiea 
can only be orerGome either by throttling (wiredrawing) the steam, or 
else linking the engines up, in both of which cases there is a material 
loss of power and speed, which can almost entirely be avoided by the 
use of a proper Governor. 

It is sometimes stated that even if triple engines do race, it is not 
as objeotionable as with two crank engines. Such a remark can only 
apply to one's personal comfort, as acceleration of speed means a 
considerable increase of wear and tear. 

All experience proves that under similar conditions a three orank 
engine will get away more quickly, and run at a higher speed, than 
one with two cranks. Qranted the three-orank may ran more 
smoothly than a two-crank, and its racing, therefore, would not be so 
uncomfortably perceptible ; but all other objections and risks remain, 
and if anything, are increased. 

While compound engines were in vogae, there was hardly an 
engineer bat who insisted on having them fitted with reliable 
Governors ; but since the introduotion of the triple compound engine, 
an idea seems to have got abroad that they do not require Governors- 
why or wherefore it is difficult to explain. 

There is no doubt that the late low prices and keen oompetitioD 
have considerably militated against Governors ; and the writer cannot 
but think it is a " Fenny wise and pound foolish " policy to cut them 
oat of the specification. A paltry saving of a few pounds as compared 
with the value of human life, and the jeopardising of anch enormous 
interests, seems a parsimonious course. 

Some engineers maintain that triple expansion engines " being so 
well balanced," do not require Governors. Now it appears to the 
writer that this is an idea that has been adopted without due consider- 
ation, and he hopes to prove the argument untenable. 

So far as the writer can learn from these gentlemen, the balancing 
consists in the engines having three cranks, thus giving a more amform 
turning moment to the crank shaft than in the compound engine. No 
one will deny that the three cranks may balance each other, but there 
the balancing ends, for as soon as yon get away from your cranks the 
unbalancing commences : first of all in the weights of the pistons :^he 
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L.P. being from four to six times the weight of the H.P. : then, 
Beoondly, there ia frequently et very large discrepancy in the power 
developed by the respective cylinders, which fact seems to have escaped 
the notice of the disbelievers in Governors. 

Of course, this statement m&y be met with the remark that sncb 
ought not to be the case. It is admitted that it ought not to be, if it 
could be avoided, but it cannot be denied that throi^li some cause or 
other this is invariably the case. 

The writer originally intended to have got together as largo a 
number of indicator cards as possible, and from them to have worked 
out the indicated powers, but on further consideration it occurred to him 
that he might be charged with selecting only those cards which would 
support his line of argument. To avoid anything like a suspicion of 
this he turned to the technical journals for information, for authoritative 
information, and there can be no question of incorrectneas, the articles 
having been prepared by those who knew exactly what they were 
writing about, thoroughly competent men, who have undoubtedly pre- 
sented to us ttie best phase possible of their respective engines. 

The writer has referred to all the accounts he could find in these 
papers of the trial trips of a number of steamships fitted with triple 
compound engines, and finds that the discrepancy between the power 
developed by the cylinder doing most work and that doing least in any 
one engine is not less than 31'02 °/^ on the average. The analysis of 
these discrepancies is very interesting. 

On reading this paragraph over to an engineer the writer was met 
with the reply : — " The L.P. generally indicates more than the H.P. 
because of the pumps." This led him to analyse the cases in question, 
with results as follows, which are scarcely in keeping with the explana- 
tion given. 

H.P. ia highest in 33'';b of the cases. 

i.p le-ee^/a „ 

L.P. „ „ 60"/„ „ 

On further analysing this the writer finds that the 
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These discrepancies, it must be borne in mind, have all appeared 
when the engines have been working under the most fovourable con- 
ditions, and when in the bands of the most skilful men, working under 
the closest supervision of those interested in obtaining the best results. 
When these engines are put to their ordinary work these discrepancies 
come out very much heavier. The best engine included in tbe group 
giving the above average only showed a discrepancy of a little over 
10°/^ in the published report of her trial trip, but the writer bas seen 
numbers of her cards under ordinary working conditions, and finds that 
tbe difference is never less than 2$"/^. 

In tbe trial trip reports 71-42°/o of tbe cases show a discrepancy 
of 25°/^ and upwards, and 21'42°/q show discrepancies of upwards of 
60''/„. It is a remarkable fact that not one' of tbe engines referred to 
in the reports on the trial trips is anywhere near being balanced, 
and some of them in ordinary work show more than double tbe 
diiterence indicated on the trial trip. 

The writer considers the above figures pretty well dispose of tbe 
theory of perfect balancing, which is so frequently referred to in con- 
travention of facts, and fully proves tbe fallacy of ignoring Governors, 
on this ground, at any rate. 

Not long ago a friend of tbe writer's was in treaty with a well- 
known engine builder for a pair of triple compound engines. When 
they came to tbe question of Governor, the builder assured tbe intend- 
ing purchaser that he built engines strong enough to stand any amount 
of racing. 

The writer, to convince his friend that tbe statement was not true, 
took the trouble to hunt up the breakdowns of engines built by these 
particular builders. It is certain tbey would not like the writer to 
reply to their ad-captandum statement by publishing tbe list, which 
contains a good round " baker's dozen " within a very short period. 

There is a proverb about those who live in glass houses, etc. The 
engine that cannot break down has not yet been built. 

During tbe last eighteen months the writer has received particulars 
of 217 accidents to cranks, screw shafts, and propellers at sea. This 
numhur is o>;i;Iiisivo of frauturos unJ other dofeola found out in port 
and repaired. Out of tbe number 127 were broken shafts, in every oa« 



of wbioh tlie safety of the ship, and the lives of the orew and 
passengera, were more or leas imperilled. The cases referred to, doabt- 
less, only form a minor portion of the total accidents. 

Besides these, there are numbers of screw steamers missing every 
year with all OD board, and the writer is supported by competent 
authorities in the opinion that the major, or at any rate, a very large 
portion of these, have gone to the bottom through accidents similar 
to that which occurred to the s.s. "Danmark," where the broken shaft 
ponndod a hole through her bottom. Doubtless, all have heard of 
many very narrow escapes from similar causes in which they have only 
just had time to get the bulkhead doors closed and so save the ship. 

It is hoped that the facts set forth in this paper prove the 
necessity of having e, thoroughly efBcient Oovemor, properly fitted, 
and continuously running. Of course, it is impossible for a Governor 
to prevent breakdowns, but when they unfortunately occur the effects 
are minimised. 

The following is an extract firom a letter received from a well- 
known engineer : — " The non-fitting of a Governor is a piece of 
culpable negligence " ; expressing an opinion in which all interested 
iu steamships should fully concur. 

The writer trusts he has succeeded in bringing forward and 
establishing many reasons why Governors should be fitted. Many of 
these reasons he has never heard referred to in discussing the question, 
and can only conclude that they are not generally known. If these facts 
cause Governors to be considered as necessary permanent attachments 
for marine engines he will feel that his work in preparing this paper on 
" Marine Engine Governors, — Beneficially considered," h&a not been 
spent \a vain — and trusts the future will prove that he has, if only in a 
small degree, contributed aomething to the comfort and safety of those 
at sea. 



CHAIRMAN'S REMARKS. 
(Mb. 1. Mo P. Gbat.) 



The Marine Governor is a subject upon which most of those 
present ought to be able to speak &om their own experience. If 
Governors, where they are already fitted, were kept in actiou 



oontinuouslj on the voyage, irrespective of the state of the weather, 
as is recommended by the author, they would be bkely to be better 
attended to, and the refinements of their action would become better 
understood by engineers, and the improvements still required in their 
construction would be hastened. It is only by continuous action that 
their utility as safety appliances can be tested. The Marine Governor 
requires but little steam to drive it, it occupies httle space and its cost 
is out of all comparison insignificant in relation to the value of life 
and property it may be the means of saving by minimising the 
damage done when a shaft breaks, when under way. It is in this 
respect hke one of the many automatic nerve actions with which the 
human body is provided. To save the eye from a blow the eyelid 
shuts and the hand ia raised, and, in falling, the hands are spread out, 
without conscious thought. The Governor arrangement, which does 
this for us, is always in gear, even when a fall or injury to the eye is 
least to be expected. When a Governor does not act satisfactorily, 
the engineer ought to report it and have it put right or else taken 
away. I remember having to go to examine a Governor which had 
been in this way condomnod by the engineer. I found that the con- 
nection had been wrongly made ; tlie Governor was set (o Open the 
valve when it ought it to have been shutting it. I had it altered, and 
there were no more complaints about its action. I am afraid that a great 
deal that is said against Governors has originated in such mistakes. 
Governing the^throttle by hand, for hoars in succession, is a nagging, 
tiresome job, more suitable for a mechanical automaton, which 
the] Governor is. It is difficult, if not impossible, to control the 
throttle by hand to limit the variations of speed within as small a 
range aa can be maintained by a good mechanical Governor. 
Very hazy notions are sometimes held about the degree of variation 
of speed within which the screw continues to be a propeller. 
Whenever the speed of the screw is effectively leas than that corres- 
ponding to the speed of the ship the acrew is a drag, not a propeller. 
If when the engines are running at 60, the alip ia 10 per cent., 
then when slowed to anything below 54— the speed of the hull not 
having altered — the action becomes a sternward pull upon the 
hull. Negative shp ia not at present considered. The velocity with 
which the flat of the blade strikes the water is, about, aa the difi'erence 
of the revolutions above or below the number which givea the speed of 
the screw the same as the speed of the ship. That difi'erence in the 
numerical example given was six ; when the revolutions are 72 this 
difi'erence becomes 72 — 64=18, and then the flat of the blade strikes 
the water at y, three times the velocity with which it acts when 
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ranning 60, the apeed of tba hull all the time corresponding with 
5i revolutions per minute. When the revolutions are just this 
number when the stern dips and the blades enter the w&ter, then the 
shook on striking the water is least— it is wholly edge on. 

When the screw re-enters the water at double the ordinary 
speed of rotation the relative velocity with which the flat of the 
blades strike the water ig eleven times greater than its ordinary 
pushing velocity with 10 per cent, slip, and it must be very detri- 
mental to shafting to be subjected to the frequent excessive strains 
which are in this way produced by racing. A good Governor ought 
to keep up the speed of rotation to be something over the normal 
speed when the blades are again being immersed, so that, aa the 
stern descends, the revolutions may not be diminished below the 
normal speed. 

Although the paper does not describe any particular make of 
Governor, it would have been better if we had had drawings of 
different kinds before ns during the discussion. As I have not seen 
the Compound Attachment which is named in the paper, I would be 
pleased if Mr. Churchill would describe to the meeting, how the valve 
controlling the low-pressed is constructed, as I am sure few of us 
have seen the arrangement applied. Will he also tell us about what 
size the connecting pipe is, and what is done to prevent the volume of 
this pipe from adding to the unavoidable waste capacity at the ends of 
the cylinder ? 



MR. ROWE"S REMARKS. 



For the last ten years I have observed how reluctant Engineers 
are to use the Governors suppUed to their vessels, to keep the engines 
from racing in stormy weather. Now every effdct has a cause, and no 
doubt the Chief Engineers who are present will be able to explain the 
Somewhat strange fact I have called attention to. I agree with Mr. 
Churchill that excessive racing is likely to reveal defects iu shafting, 
and sometimes lead to breakdowns. In my opinion a reliable Governor 
is a most useful adjunct to marine engines. Opinions might differ as 
to which type of Governor is best ; but though the pendulum type is 
simple, and does not depend upon the accelerating mo'ion of the main 
engines, it is noa-effuctive when the vessel is running in heavy 



is 

weather, because the whole depth of the stem post (inducting, of 
course, U^e propeller) is frequently exposed to view by the rapid passage 
of a following wave. I have often observed this, even when long 
vessels were on a level keel. 



MR. L. P. COUBRO'S REMARKS. 
My experience bears out what has been said liy Mr. Bowe about 
Engineers not taking the trouble to put on the Governor in heavy 
weather, as, during my short eTperience as a sea-going Engineer, I 
liave a lively recollection of many uncomfortable hours " standing by " 
the throttle valve. I think that if, when ships were in course of 
construction, the Governor were so placed aa to be easily accessible 
and easily put in gear, this would not be the case to such an extent as 
lit present. I believe the Chairman went to the root of the matter 
when he said that, in a great many cases, where it wan said the 
Governor was not working properly, some slight mechanical defect 
was all that was wrong ; and that, if it were so placed as to be easily 
got at to be overhauled and repaired, instead of being stuck up, when 
fitted originally, in some out-of-the-way comer (as is frequently the 
case at present), we should hear less of the Governor being only a 
useless ornament in the Engine room. 



MR. W. W. WILSON'S REMARKS. 

In continuation of the remarks by Mr. Bowe, might I suggest 
that perhaps most of the Engineers who have related their experiences 
or have expressed their opinions as to the non-use of their Governors, 
had a similar experience to myself regarding them. Some years ago, 
when I was sailing as Junior Engineer in a certain ship, we 
encountered verv bad weather on one occasion and the Chief Engineer 
decided to use the Governor instead of throttling by band as we had 
been doing. The pulley For driving the Governor was fixed on. the 
shaft, between the turning gear wheel and the bulkhead, which was a 
very limited space, and to get the rope adjusted into its proper position 
for being tightened fair on this pulley, one person had to ^ down 
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into tbe bilges on one side of the shaft and another on the other side. 
In the instance referred to, the second Engineer who bad charge of 
the tightening gear lever, either nsed too much force on the same, or 
tightened too early, and the consequence was that the rope c&oght, 
broke, lapped round the shaft and jammed itself firmly between the 
pulley, coupling bolt, heads, and bulkhead, we (the engineers who were 
below) narrowly escaping being drawn round the shaft with it. I 
think as far as I can remember, so long as I remained in that ship, the 
Governor was never used again. 

Now Z contend that in a large number of ships fitted previous to 
ten or twelve years ago, these pulleys for actuating the Governors were 
placed in far too inaccessible positions, and rather than risk their lives 
trying to get the Governor in gear, the Engineers preferred to work 
without it and continued to throttle by hand. I know that now in 
most of the new ships, more attention is paid to the fixing of these 
pulleys in better and more accessible places, and in one vessel in which 
I subsequently served, we had a very good arrangement, driven by 
friction, and which was easily put in gear without incurring the 
slightest danger. 

This worked very well indeed when required, the only trouble 
being the stretching of the driving rope. 



MR. F. W, SHOREY'S REMARKS. 

I am not acquainted with the Churchill Governor, but if I under- 
stand rightly, Mr. Churchill said that with compound engines he con- 
nected a pipe from the high pressure cylinder to the top and bottom 
of the low pressure cylinder, so that when the speed of the engine was 
accelerated", the Governor was so adjusted as to close a valve in 'the 
pipe of the H.P. cylinder, and open valves in the pipe of L.P, oylindw. 
and admit steam on both sides of low pressure piston, thereby making 
the pressures equal on both sides of low pressure piston, and retarding 
its motion. 

This I take it, would apply to compound engines only, and if such 
is the case, how would Mr. Churchill apply it to triple and quadruple 
engines ? Would he, in the case of triple, control all cylinders alike ? 
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Tibat ia to aa^, voold he control the mtermediate engine, by admitting 
steam from the high pressure cylinder to the top and bottom of inter- 
mediate pieton, and in like manner control the low piessore piaton by 
the steun from the intermediate cylinder ? 

In my opinion, the reason why so many Engineers discard the nse 
of the Qovemor in bad weather, is that many of the Governors fitted 
to engines do not act quickly enough to check the engines racing, and 
the Engineer finds that be can do it much more effectively by working 
the throttle himself. 

I have some very unpleasant recollections of crossing the Bay some 
years ago. It was in the month of November, and we had some very 
■dirty weather, and the engines were racing very much. We put on the 
Governor, which was one of SOver's ; but found we could not get it to 
«ct quickly enough to be of use, so had to disconnect it, and work the 
throttle valve by hand, finding this means more effective. 

Now, what we want is a good Qovemor that will anticipate the 
racing, for it would be a great boon to Engineers ; they could then rely 
upon the Governor to regulate the speed of the engines, whilst they 
attended to other things requiring their attention in the engine room 
-and stokehole, many of which most be neglected if they have to stand, 
by the throttle valve. 



MR. JAMES ADAMSON'S REMARKS. 

Our thanks are due to Mr. Churchill for bringing this subject 
forward in the manner he baa done. I was pleased to find 
that the Paper he proposed to read dealt with principles rather 
than specialities. The resulting disouseion should therefore be 
educational, not personal ; this is entirely in accord with the views of 
the Council, views which, when I expressed them to Mr. Churchill, he 
«ndoraed in words at the time, and this evening has done in deed. 

We have all had some — many here have had much — experience of 
■Governors, good, bad and indifferent in their action, and I should 
say from what I have observed. Marine Engine Governors are, as a 



role, not held in muob esteem. The; are neglected and only oeed 
occasionally, and seldom looked apon in the light that they are held 
by the anthor in the Paper jnst read. 

Some time ago my attention waa called to the want of action in & 
Governor. I found the connecting rope had been placed to run the 
reverse way to the intention of the maker, and closed the valve when 
the reverse action was wanted. There were other defects in connection 
with the gear, which were sufficient to indicate a great want of 
attention to the details of fitting and to the efBcient working of the 
Governor, 

I am of opinion that a good Governor is a desirable addition t» 
the outfit of an Engine ; but it seems to me that something is wanted 
to call attention to the services which may be rendered by a reliable 
Governor, and at the same time ensure that the connections are properly 
made and fitted ; this, I apprehend, is one of the objects aimed at in 
the Paper. 



MR. W. J. N, BRETT3 REMARKS. 

As my opinion, I ahonld like to state that I do not think tb» 
hand can manipulate the throttle valve in such a sensitive way as & 
good steam automatic Governor. As an instance I will mention tho 
Chorobill Governor fitted to the P. & 0. " Oceana," which for its work 
is an efficient and very beautiful mechanical contrivance, acting on 
a very slight change of speed, and, I beheve, serving its purpose wall. 



MR. A. SCOBIE'S REMARKS. 

In reference to the Governors for Uarine Engines, 1 may say I 
have had experience of them during 26 years as Chief Engineer of 
different vessels, and always fonnd when the ship was pitching heavily 
the Governor was of little service in preventing the engines from racing, 
as when the propeller is leaving the water it closes too late, and doea 
not open soon enough when the propeller is being folly immersed. I 
have found when the ship gives a heavy sudden pitch, the^valve.closea 



19 

and the OoTsmoi has not saffioient power to open it, thus frequently 
inTolving the asa of the erow-bar, or other outside means to open it. 
On one occasion, what nearly proved a very serions accident hap- 
pened to a ship I was in, on account of the valve closing and jamming. 
Daring a heavy gale the ship was pitching badly, when suddenly she- 
gave a heavy plunge and the valve shut with great force, and held so^ 
that the main atop valve had to be closed to remove the pressure off the 
back of the valve before it could be opened; while this wasbeingdone,. 
the ship lost way, and could not be kept by the rudder ; she fell into the 
trough of the sea, and rolled so heavily that everything loose on deck was^ 
carried away by the sea. When the Governor valve is closed the full 
pressure of steam acts on the back of the valve, so that if the Governor 
springs and rods are not sufficiently strong to open it, the artificial 
means I have referred to, have to be used. I may also mention that 
before this accident took place, the Governor had been at work for 
several hours and to all appearance doing well, but still, not acting at 
the right moment, until the ship took the eitra sudden pitch and 
jammed the valve and kept it from opening. I have had immediately 
to disconnect the Governor and work the engines with the hand throttle 
valve during heavy pitchmg. 

I understand there are some imin-oved Governors now in use, acting 
much better than those I have had experience of. The makers of these 
I hope will allow saffioient strength in the springs, rods, and connect- 
ing gear, to open the valve when closed suddenly, owing to the heavy 
pitching of the ship and the steam pregsure acting on the back of the 
valve. 



MR. J. H. THOMSON'S REMARKS. 

In Tesseta constructed to run, say, at about sixteen knots per hour, 
and while under ordinary circumatances it may not be necessary to 
exceed twelve or thirteen knots, the area of the steam pipe and 
throttle valve is so much in excess of that required for.the lower speed, 
that the throttle valve to get full control of the engines, must only 
move through a small are, and requires to be a4juBted for that speed. 
In many oases sufficient allowanoe for this adjustment of the levera 
and rods is not made by the builders. < . < .. .. •- -^ > -^-^ 



I sailed for some time in a vessel, which invariably had to be 
worked at foil power, and when it was necessary through rough weather 
to connect the Qovemor, it was quite a pleasure to see how well the 
speed was regulated ; however, if we had to reduce the speed, the 
action was not so satisfactory, and reijoired a readjostment of the 
levers to obtain a steady motion. 



MR. W. W. WILSON'S FURTHER REMARKS. 

As bearing out Mr. Thomson's remarks regarding the amount of 
the travel of Governor valves being rendered useless when engines are 
throttled up, I may mention that when 1 had jast finished my 
appentjceship, I had to do with a Oovemor, which, although not a 
Uarine one, may serve to illustrate the point. The arrangement was, 
roughly speaking, as follows : A starching mangle and a rat of drying 
cans in a calico printing work, were designed, so that the cloth on 
leaving the one was passed direct into the other machine. The two 
machines were driven by separate engines of different sizes, llie 
Governing apparatus employed *waa a roller properly balanced, and 
was hung on two standards situated between the two machines, and 
over which the cloth passed whilst travelling from one machine to the 
other, the cloth causing the roller to rise or foil as the tension caused 
by the difference of speed of the machine increased or decreased. 
This roller was connected by levers to work a valve on the second 
■engine. 

When this was first started, difBculty was experienced in so regu- 
lating the speeds of the two engines, that the cloth passed through 
both, without being either torn asunder or coiled up in a heap at the 
foot of the standards which carried the Governing roller. After 
adjusting the Governor valve (which waa an equilibrium one) by con- 
siderably reducing the hft and altering the levers, the machines were 
eo arranged that when the main stop valve, common to both engines, 
was opened, the Governor so regulated the speed that the machine 
would work a whole day, if necessary, without once making the 
slightest hitch, either in tearing the cloth or coiling up the slack, as I 
Jiave mentioned. 



MR. A. BLAIR'S REMARKS. 

I h&ve had some little experience as a sea-going Engineer with 
different kinds of Marine Qovernors, of wbioh some do their work better 
than others. 

When I have had ocoaaion to pnt the Governor to work, and 
found it did not act properly, I would make it my studj to examine 
into it, also see that the levers were the right length and set properly, 
the same with regard to the oonneoting rods, and by doing so I always 
got them to work very well. 

I know of two similar steamers which are fitted with Govemora 
by the same maker: the Engineer of one, when qnestioned regarding 
it, replied, that the Governor did not work very wc^, and that he did 
not ase it. The Engineer of the other steamer when asked how his 
worked, said he hadtaken it all to pieces, cleaned and oiled it, as it 
had been lying in a dirty state and had apparently not been used ; he 
was 80 pleased when he had occasion to use it after the overhanling 
and repairing, that he considered the formerly despised Governor as good 
as another hand in the engine-room. I have sometimes had the same 
difficulty as Mr. Wilson has mentioned as to the putting on of the 
Governor rope, when the pulley has been fixed on the shaft between 
the Engine-room balk-head and the turning wheel — there being very 
little space — necessitating an engineer going into the bilges to put 
the rope on when the vessel has been rolling and pitchmg heavily. 

I have known several instances in which Engineers have put on the 
Governor, and finding it did not work all right they have taken it off 
vrithout troubling themselves any more about it. 

Again I have known vessels making two and three voyages and at the 
end of each voyage the Engineer has required some slight alteration 
to be made in the oonnections in order to improve the working of it, 
the alterations being due to no fault of the Governor, and I may say 
they worked to the satisfaction of the Engineers afterwards when 
properly adjusted. 

A great deal rests with Engineers themselves if the Oovemois 
work well or not, it is only by giving a Uttle attention and keeping 
them in proper working order that they willgive aatisfaotion. I consider 
a good working Governor to be a great friend to the sea-going 
Engineer. 



MR. A, W. ROBERTSON'S REMARKS. 

I regret I was not present to hear Ifr. ChorchiU read hk paper od 
ihe Marine Oovemor. As I have only been here a few nunntes, I 
have heard very little, but from an experience of abont eight years as 
Chief Engineer, I may be allowed to make a few remarks in reference 
to the old and new style of Silver's Oovemore that I bad to deal with. 
Unfortunately, I have never been with the Chnrohill Oovemor, and 
therefore cannot speak of its merits ; bat of the Silver's I would say, 
that during my experience, I never found it work satisfoctorily in really 
bad weather where there was any driving. In moderately bad weather 
and hirly easy going, it worked all right, so long as the pointa pot 
forth by Mr. Blair were attended to. The standing by the throUls 
valve was always the most efficient in my esperiesoe, in the " Navarioo " 
and other steamers. 

As the steamer generally rolls when it is pitehing, the chief cause 
of d&nger through racing is the unequal strain thrown upon the engines 
by the air pump. At times it works without effect for several seconds, 
because the water is away from it. At other times it is heavily charged, 
thereby causing heavy Btraiiiing and jarring, " that unpleasant work- 
ing *' so well known to the Marine Engineer. 

With the Chairman's permission, I will relate an experience I had 
a few years ago in a steamer from London to Liverpool. The ship 
was light, and when rounding Land's End the weather was very heavy, 
with ihs ship rolling and pitching about. As the Oovemor was of 
little use, the Engineer took the throttle valve, effecting a great 
improvement, but even with that, the jarring through racing sent its 
shock through the whole of the ship. On rounding Holyhead, we had 
similar weather, but, " with the air pump disconnected," the vacuum 
being about the same, the jarring was practically nil, as the faster 
the engines went the smoother they ran, and I cannot see how the 
Marine Engine should not be run at the rate of double^-or even higher 
than— the ordinary speed for a few seconds, without creating the 
tearing and jarring so common with the ordinary Marine Engine, at 
an increased and varying speed. The Marine Engineer in the future, 
would do well to consider the advisability of making the engine capable 
of increased and varying speeds when running in a heavy sea, without 
the risk of a break down ; if this were done, so that there would be a 
good factor of safety, the riik due to racing would disappear. 



MR. ROWE'8 REMARKS. 

In pTopoamg a vote of thanks to Mr. Gburohill for his very 
intereBting paper, I hope I will not be misunderstood when I say 
that Mr. Churchill has probably received information of great value to 
him. It is important for inventors to learn &om praotioal engineers 
what meohanical and other difficulties are met with in the working of 
inventions ; and certainly Mr. Churchill this evening has become 
acquainted with some of the rooks upon which many good Governors 
have been wrecked. 



■ MR. CHURCHILL'S REPLY- 

In reply to Mr. MoFarlane Gray and Mr. Shorey. This paper 
which I have just had the pleasure of reading to you deals simply with 
" Marine Engine Oovemois, beneficially considered," and does not touch 
the mechanical question, as I was particularly anxious to avoid bringing 
my own machine prominently before the meeting. It will afford me 
great pleasure to comply with your request to read a paper on my own 
Oovemor and the Compound Attachment with full explanatory 
drawings. Mr. Scobie and Mr. Thomson have referred to the dtCBoulty 
in adjusting some Governors to control the engine at varying speeds. 
My (tovemor can be adjusted to control the engine at any speed 
without any re-arrangement or difficulty. This is a matter which will 
be dealt with in describing the machine itself. Speaking as regards 
my own machine I have never known it to fail where it has been pro- 
perly fitted and kept in working order. 
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Stratford, 

Essex, 
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3 E/ J5J I^ Ji. O a. 

A Meeting of the Institute was held this evening, when the 
disoussion on Mr. Somtuerville's paper, read on the the Slst 3aq- 
uaiy, was resumed. 

The Meeting on the Slst January was presided over hy Mr. 
G. W- Manuel (Vice-President), and on the I8th Fehruary by the 
writer. 

The Paper and Discussions which ensued will he found in the 
following pages. 

The suhject of ventilation is of the utmost importance to all 
concerned in the efficiency and popularity of steimiships, at the 
same time it is of no less importance to the general health of the 
community. It has therefore been proposed that the variouB ideas 
suggested by the paper, and the subsequent disoussions should be 
embodied in another paper on the subject, which Mjr. D. G. Hoey 
(Honorary Member), who has given considerable attention to the 
ventilation of large balls and bmldings with a good deal of success, 
has kindly undertaken to write, witn special reference to the re- 
quirements of all the departments of steamships. 

The n)eoial attention of Members is called to the notice given 
as to the Annual Business Meeting to be held on Saturday, 29tL 
March, at 7.30, in the Langthome Rooms, and to the voting papers, 
which should be returned not later than the 24th Moioh. 

As a desire has been expressed by many Members for copies 
of the Papers read previous to the date of their election, it haa 
been decided to reprmt those now out of print, if a sufficient num- 
ber should apply to cover the coat of republishing at Is. each paper. 
The first year of the life of the Institute closes with the date of the 
present paper. The first voliune of the transactions may therefore 
be said to be completed on its publication. 

It is proposed that Members should bind their own copies, and 
any papers wanted to complete the set, will be supplied on applica- 
tion as far as possible. Members who have been elected subsequent 
to the date of the papers they receive should contribute towards 
the expense of pubUsniog them as far as convenient. 

JAS. ADAMSON, 

Honorary Secretary. 
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VENTILATION" 

OF 

ENGINE ROOMS AND STOKE-HOLDS 

IN THE TROPICS. 



The Bubjeot of Yeotilation, whioh we are met here to discuss 
this evening, is of Kreat importance and interest, not only from a 
hygienio point of new, bat aUo from a praotioal and economical. 
Before proceeding to the particular branch of the subject I propose 
to lay l»f ore you this evening, you will perhaps allow me to say a 
word or two on ventilation in general. Groing oaok to the elements, 
I may say the word itself is derived &om the Latin "cm/us," 
wind ; and " latum," borne, or carried. It is a well known principle 
in nature, that air, when heated, expands, and being oonsiderably 
lighter than the Borrounding air, nsee ; a partial vacuum is thus 
caused, to fill which colder and denser air rushes in. This causes 
a continual succession of currents of air, which we denote by the 
term " draughts." It is the aim of the science of ventilation to 
provide the proper regularitj[ and succession o£ these currents, so 
aa to allow the heated and vitiated air to be replaced by a cooler 
and purer atmosphere. 

The air in a room in the course of on evenine becomes very 
hot and oppressive. The latter feeling is caused by an abnormal 
quantity of a highly-poisonous gas (carbonic acid), which is exhaled 



by animala. In ordmarj air this gas should be present in a Terr 
mnall quantity, in fact, one part out of 2,500, or about -04° ,. 
Plants possess the peculiar property of absorbing oarbonio aoid, and 
of splitting it up, retaining the carbon for their own use and 
restoring tne oxygen to the atmosphere, thus serving a wise and 
benefioial purpose in respect to the purification of the atmosphere. 
When this gas is present in large quantities, as in lai^ aBsemblie^ 
fainting ensues, then the need for ventilation becomee obvious, and 
by vanous contrivanoes, aims at allowing this gas to escape, and 
providing continuous currents of purer air. It may be well illos- 
trated by means of the door of a warm room, as, if a lighted oandle 
be held at the top of the door, the flame will be seen to be beat 
towards the door, thus showing that the air is passing trom the 
room to the outside ; if, however, the oandle be held to the bottom 
of the door, the flame will be distinctly seen to be bent from the 
door, thus showing that air is entering the room fr.m the outside. 
It isabsolutelyrequisite for good health that there should be proper 
ventilation. A person who has to pass a considerable portion of 
his life in a heated and vitiated atmos[diere has always a sickly 
and oppressed look about him. There oan be no greater contrast 
than that between two men, one of whom hves in a orowded <aty 
where ventilation is bad, and where carbonic aoid gas is present in 
large quantities, and another who lives more in the open air, 
keeping his house at the same time as well ventilated as possible. 
Theatras are ezoeptionally difEoult to ventilate, as also are large 
rooms or halls ubm for crowded gatherings, but the most diffioalt 
of all is the 

ENGINE BOOM. 

No one but those engineers, firemen, and trimmem, yiho have 
been employed running up and down the Red Sea, or uiywhsre 
within the tropics at all seasons of the year, oan form any idea of 
the unnecessary amount of suffering and endurance that have to 
be gone through by them in pursuit of that arduous calling, whieh 
has done so much for the prosperity of our country. Indeed, 
it is not too much to say, that had it not been for ihe ingeQaity of 
oar Marine Engineers and Arohiteots, we could never nave add. 
the proud position we do among the nations of the world. It is 
TSry gratimng to us, as a body of Marine Engineers, to see the 
triumphs of our professional breUiren, in producing sach wonderful 
result! of meohaoioal skill and iogenoity as ihe latest greyhoimds 



of the AtlaQtio, whioh aeem to be able to make saoh fast pauageB, 
regardless of wind and weatlier, without a bitoh, apparently ; or if 
there has been, the engineers bare bad reBouroes enough to ovet- 
oome and hold on their oourae. A glimpBe into the engine-room of 
one of these steamers, I may mention in paeeing, is given in the 
"Contemporary Beviev" of January, 1890. 

As a sea-going engineer of 30 years' standing, I can well 
understand the <»lls these mighty steamers make on the reeouroes 
and meobanioat skill of the chief eDgine^, as well as the eogineers 
on the Tarious watohes ; — almost superhuman efforts are, I should 
think, demanded at times, yet, strange to say, those who design and 
oonstruot the steamers are cot so careful as they might be to see 
whether the engine-room is well or improperly ventilated. So long 
as the ship goes the guaranteed speed, the health or oomfort of 
those on whom the suooess of the ship mainly depends, is too seldom 
thought of. I have beard it remarked that in many oases Super- 
intendent Engineers are powerless in the matter, as if they advooate 
to have well-ventilated engine-rooms and stoke-holds, they are told 
that they are too much occupied looking after the interests of their 
own olotb ; indeed, it was onoe remarked to me by the manager of 
a large firm of Shipbuilders, that be often felt vexed when he had 
been told to put the engineers' cabins anj'where, as it did not matter 
where they were put so long as be kept oool aooommodation for the 
passengers ; I hope euoh a case is not of frec^uent ooourrenoe. 
During my varied experience as a sea-going engineer, I have been 
employed on steamers built by a great many dinerent firms, and I 
have ^ways found that a hot engine-room is synonymous with a 
hot ship, and those who are interested in the subject of providing 
accommodation for passengers should bear this in mind. There 
seems to be a prevailing idea abroad that the more the beat is 
confined in the engine-room and stoke-hold, the oooler the 
ships are in the passenger aooommodation, and it is presumed 
to be better that the few should suffer than the many ; 
such an idea is a great mistake, as 1 have proved over and over 
again by experience. One well known builder, whose ships up to a 
few years ago were always oonsidered the most oomfortable and 
oool ships trading to the East, for both passengers and anyone 



sailing in them, had the engine-rooms open to the main or passenger 
decks, similar to sketch No. 1. Their more recent ships, I have 
olnerved, are somewhat different in style, the engine-room being 
boxed in, as per sketch No. 3, and I am led to believe by those who 
have sailed in them, that they are the hottest ships of their class 



1}oth in paasenger sooommodation and engine-ivom, altUough they 
are Stted with large exiiausting engines, which work night and day, 
exhausting the hot air from the passenger aooommodation. la 
these days of keen competition, when passengere have a variety of 
steamers to chooae from, it is hat natural that in their choice they 
should he guided by either their own experience or that of a friend, 
eepecially m so important a matter as ventilation, or the want of it, 
on which indeed their good or ill for the time being depends ; ws 
may rest assured, therefore, that with interchange of experiences 
and expressions of opinion, judgment ia passed, and the popularity 
or otherwise of a steamer is determined. It seems to me surprimig, 
and I do not think I am wrong in saying that the nmjority present 
will endorse the opinion, that such an important matter as the 
best method of ventilating engine-rooms and stoke-holds, and 
along with them, the passenger accommodation, has not reoeired 
more attention from a peonmary as well as from a humanitarian 
point of view. Now that there are so many mechanical 
appliances, cheap and effective, for exhausting hot air, or what is 
equivalent, forcing pure air into tunnels, mines, large buildings, 
&c., it would not cost much to have exhausters fitted up to draw tne 
hot air from the hottest part of the engine-room, and the exhaust 
led by a pipe into the hottest part of the stoke-hold, so arranged 
that the discharge could be re^ilated at will, according to oircum* 
etanoes. The firemen would thus reap an advantage, and the 
engineers on watch would have a wholesome engine-room to do their 
duty in, and with a similar or other arrangement fitted to ventilate 
the passenger department, much of the discomfort which at present 
is experienced m many steamers would be obviated entirely — in 
regard to the special feature referred to in this paper — or at least to 
a very considerable extent. I apprehend that it would be worth the 
endeavour of those whose duty is in the direction of seeing that 
the passenger accommodation is made as attractive as possible, to 
give very speoiol attention to the ventilation, as I need not point out 
that personal comfort enjoyed by passengers tends to popularise a 
steamer. The exhauster or fan blast 1 have alluded to could be 
driven by a rope from a pulley fitted on the crank shaft (in the same 
way that Silver's governor was originally driven) with little or no 
expense to keep it in repair. I have already observed that in most 
oases a hot engine-room tends to make the neighbourhood of the 
engine-room and stoke-hold all round also hot, ou the other hand a 
well ventilated engine-room makes a cool ship, and in connection 
with this, I would say that all steam pipes, cylinder covers, and 
oyKndera, should be properly covered with good non-oonduoting 



mftteriala, of wliioh there are many in the market — eaoh olaiming to 
be the beet. In mj experience I have found Keeoon's " papier 
maoh^ " to be veiy useful in reducing the temperature and the 
Btuffinees of the engine-room, but as I have not had an opportunitj 
of tiTing many Qon-conduotit)g eubBtenoes, I am onaUe to give 
any opinion on the respectiye merits of them all. In the course 
of my enquiries on the subject, I have found that the oonoensuB of 
opinion is in favour of my own experience that Keenan'B stands high 
OS an efficient non-oonduotor. I nave made seveial experiments— 
at various temperatures — with the commoa soot from the boiler 
tubes, and I found, on comparing it with Keenan's, that it is a very 
good non-cx)nductor of heat, the soot only varying on an average 
three degrees hotter than the oement referred to. Here is a cheap 
and always handy non-oonduotor, which can be used in various 
ways — such as filling up the cylinder tops and oovers usually fitted 
Ynih/alae covers — without any expense, and there is no ohanoe of it 
taking fire, as all the combustible gases have been burnt out of it 
and left a perfectly reliable non-eonducting substance. I shall 
endeavour to show to you the advantage it is to ship-owners, as 
weU as to the health and comfort of engmeers, to have the engines 
well covered in with a non-conducting material, not only in point 
of economy, but efficiency, especially when there is such a vast 
mass of machinery o-owded into the least possible space — as is 
generally the case in the most modem steamers. I have become 
cognisant of several steamers, which, in consequence of the want of 
ventilation and undue heat and consequent discomfort, or, — I may 
not he putting it too strong when I say misery — endured by the 
engine-room staff and crew, the utmost difficulty has been 
experienced in obtaining even native crews to remain more than 
one voyage, and when it became known amongst the men that the 
conditions under which they were expected to discharge Uieir duties 
were so unfavourable to health and comfort, only an inferior class 
of men could be obtaiued. In more than one of the cases I have 
referred to, steam to drive the ship the speed that was wanted 
oould not be maintained, as the men became exhausted, and could 
not stand up to their work on account of the heat of the engine- 
room and stoke-hold ; one after another was on the doctor's list. 
Crewe had to be picked up the best way possible, and it became a 
case of having to take anyone who chose to offer ; the ships had 
earned a bad name for being so hot. Apart from the want of 
ventilation and the heat, no fault seems to have been found by the 
men, the treatment they received otherwise being, I have reason to 
believe, good. 
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Every Bea-going engineer of enwrienoe knows tiitm is altrajs 
ft deal of vork to be done in eveir snip on her maiden TOjage, and 
we can Bympathise with a Chief £lngineer who, in addition to his 
other anzietiefl, has to oontend with difSooltiee over which he has 
no oontrol, and due to want of thought in the oonstmotion or 
deeigning of the whole genend arrangement. Whether the facts 
were brought, during oonstmotion, mider the notice of those in 
charge, or by them to the notioe of the builders, I am unable to 
say, but considerable expense was ent^ed in Beveral of the casee 
I have referred to, before the engine-rooms and stoke-holds were made 
habitable. In addition to this expense may be added that involved 
in the changing of crewe, men off duty on account of illness, and 
the great disadvantage of having frequently the projected work in 
the engine room, in respect to the overhauling of the machinery in 
port, simost at a Btandstill, between the discharging of one orew 
and obtaining another. Speaking generally, the stofe-holds were 
f^ly cool in these steamers, it was the heat from the engine-room 
that caused it to be so hot in the stoke-holds. 

Sketches Noe. 2 and 3 represent the dass of boxed-np engine- 
room, which is the anangement I have been allading to, and the 
improvements made were the removal of what tended to impede 
the escape of the hot gases, and cover up the most exposed steam 
pipes with felt and canvas and non-conducting substances as found 
moat convenient for the purpose. It was surprising to hear what 
an improvement was effected in the engine-room and stoke-hold 
ventilation by a few slight alterations, and the covering of tdl the 
exposed portions of the machinery which were likely to increase the 
temperature of the engine room. In several cases, however, 
the alterations were considerable, and carried out at considerable 
espense, such as opening up the otherwise covered-in engine room, 
the fitting of large ventuators, and cutting away of a coal bunker 
pocket in the engine room. In bringing such facts forward, my 
object is to show the necessity for ventUating a subject whioh hu 
been admittedly very much neglected. It has fallen to my lot to 
introduce the question in the hope that the outcome will be a good 
discussion, and an expression of opinion from members present, 
whioh will result in good, not only to Sea-ooino Enoineers, but 
the Travelling Public, and, of neoeseity, the Shipowmerb who 
see the benefits derived from adopting the best methods and 
arrangements conducive to comfort 

I cannot daim to lay b^Eore yon on (niginal syston for 
ventilation or removal of heat, I oaii tell you, however, that I hsrB 



fbimd a degTM of oomfort ia guned by th« flllmg up 6i all hot-aJr 
apaoes about the enginee vith soot and saw-daet, ooTsring all steam 
pipes, ereo the email auxiliary steam pipes, witb uoii-oondacting 
material. 

"Wben a steamer is new we usually find that the larger pipes 
are covered with a non-oonduotor, while the smaller are left aire, 
so tiiat there is a oonsiderable area of hot surface exposed to the 
atmosphere of the engine room, and acting injuriously in two 
ways : first in heating up the engine room ; second in radiating 
the beat and liquifying the steam. I have endeaToured 
in the steamers in which I have had charge, to cover up portions 
of the engines and piping from voyage to voyage, as time and 
oiroumstances permitted, and I do not doubt but the coal con- 
sumption was veiy materially reduced by the process. By a 
comparison I have made, taking the speed into acoonnt and the 
voyages, as near as may be the saving in fuel appears to be not 
short of eight per cent ; thus it will be seen that, by expending a 
small amount of money and a little thonght and attention, a 
more comfortable engine-room and stoke-hold is seoured and 
a considerable saving in fuel. 

I shall briefly refer to another steamer which I happen 
to know a little about, indeed, I made a passage from Suez to 
Cdoutta in ber some years ago, she was one of the first ships fitted 
vrith screw tandem-oompound-engines employed to ply in Indian 
seas, and had all the improvements of her time, indeed she 
was a mass of machinery from stem to stem, and the design 
of the engines and workmanship has not since been much 
improved upon, although it is nearly 30 years ago sinoe she started 
on her first voyage. Too much attention f>eems to have been 
paid to minor det^ls, and the primary cause of her failure was 
msufficent boiler power and bad ventilation. The engine room 
was as No. 3 sketch, or " boxed in " type, it was found when she 
was in the Bed Sea, or within the tropics there was little or no 
draught in the stoke-holda, and it was impossible to keep steam, 
and instead of there being a saving of 30 per cent, in fuel, as was 
expected and afterwards found to be the case with ordinary 
compound engines over the common jet condenser type, this vessel s 
consumption was somewhat greater than ships of the same tonnage 
fitted with the old style of eng^ee. 

The axioms — ^may I say — "A hot engine-room makes a hot 
ship," was exemplified here. The main or passenger deck was to 
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hot tiiat a great maoT passeog^v oonld not live even in thorn 
oahins whioh, from their position, should have been looked npon 
&8 modwately oool. In oonsequenoe of the complaints, the whole 
arrangement was considered wim a view to remedy the defects and 
improve the condition of things, it was decided that whatever 
could he done in reason, so as to ventilate the passenger 
accommodation, should be done. The then Besident En^aeer 
suggested, that, as they never had any complaints about the 
ventilation in the older style of ships, if the bulkhead round lie 
engine room was removed and a haud-rail substituted, as per sketch 
No. 1, it would improve the ventilation of the enginje room, and 
the passenger accommodation alec ; this was done, and as far as I oan 
learn, there never was a single complaint made by the passengers 
afterwards. The ship made a somewhat faster passage with less 
Deals, and I can say, from personal experience, she was a &irly 
oool ship afterwards. 

LOSS OP FUEL BY RADIATION. 

A few years ago I happened to have a oonversation with a 
gentleman holding a very high position in steam shipping in the 
oity, who asked me quite casually " Do you find there is any 
difference in the consumption of coal between London and Port 
Sudand Suez, and any of the Indian Forts;" I said " No I cannot 
say it ever occnrred to me to go into the matter; but I should 
say the consnmption of coal would be less on this side of Suez, on 
these grounds, that we have the advantage of getting freshly- 
worked coals and better measure, whereas on the Indian side of 
Suez, coals have to be shipped out to the ooal stations, so that with 
landing and re-shipping them there must be a considerable per- 
centage of loss, as VfSil as the well-known loss that accrues from 
ooal being exposed to a tropical atmosphere for any length of time, 
it is said coal loses as much as 20 to 25 per cent, of its steaming 
quality." " Well, he said, we find that the average consumption is 
nearly two tons per day less on the Indian side, notwithstanding 
all that you h^ve said, and which we are aware is, to a certain 
extent, correct," No more was said at the time, but I have often 
pondered over the question, trying to trace the reasons for the 
incres^ed consumption on this side of Suez, as we can hardly 
suppose that the observed results thus referred to, as indioatai^ 
increased consumption on this side of the canal, were due to 
coincidence mereigr. In order to verify or disprove by experiment 
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the truth of what hod been remarked to me, while employed in a 
steamer which was fitted with all the latest improTemente, and, 
amongst others, with (Weir's) automatio feed pumps, which, oa 
aooount of their slow regular motion seldom or never ohoke 
themselves or stop working, as the plunger feed pumps nearly 
always do, when using a high pressore of steam and high 
temperature of feed water. It ooourred to me, by carefully 
measuring the quantity of water required to make up all losses, 
with such reliable feed pumps, that I might arrive at some 
conclusion as to the amount of water that was actually lost per day 
through radiation, leaky glands, pantry, galleys, &a. Takmg the 
ordinary working of tlie engine at different speeds, I found, to 
my surprise, I required nearly eight tons of fresh water per day 
between London and Fort Said, and about six tons between Sura 
and Calcutta; this was a result which gave me a deal of thought as 
to how to reduce the loss. The ship, unfortunately, was not fitted 
with an evaporator. There was no other way of making up the loss 
except taking water in at difierent ports, and oondensing by 
the donkey boiler, which latter is a moat expensiTe way of 
making fresh water on board ship. It was out of the question 
for me to use sea water to make up the loss. I did the best I 
could under the circumstances, and with my Superior's advice, filled 
up the cylinder coyers with sawdust and the distance pieces between 
the cyUnders with soot from the tubes and fine ashes mixed, which 
I found a very good non-conductor of heat. I may mention that 
the dbtanoe blocks or pieces between the oylinilers were 7 feet 
long, 2 feet square, aud of course they radiated an immense amount 
of neat in the 24 hours. 

When I measured the quantity of water required afterwards, 
I was agreeably surprised to find only 4 tons per day on the Indian 
side and about 6 tons on this side of Suez, were required. As these 
were very encouraging results, I thought it advisable to try what 
could be done with a view to obtaining a still further improvement 
and saving. As soon as practicable, a supply of the non-conducting 
material already referred to was obtained, with which all exposed 
parts of the engines and boilers, steam pipes, &c., in short, all por- 
tions likely to radiate heat that oould be got at, were covered with 
non-conducting substance of one kind or another and the results 
were moat satisfactory. In the first place the engine room, even in 
the Red Sea in the hot season, was made comparatively cool, with no 
complaints either from the firemen or engineers, and only 2 tons of 
water per day were required to make up all losses on the Indian 
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dde and 4 tons per day on thia Bide of Suez, of ooorse with moah 
less tafA to do the same work as formerly. TliOM facta speak for 
themselves, and it will thus be seen how great is the saving in 
having all the exposed parts of the maohinerj covered in as far as 
possible with a non-oonduoting subatanoe of some kind, and this 
oourse I would suggest to those who are at all troubled with hot 
engine-rooms. Adopting this oouise, very much of the trouble and 
disadvantages which aooompany a superfluity of heat will be obvia- 
ted, and a recompense wiU be added in an improvement in the 
he^th of the long-BuQering eag^ne-room stafi. 



I have had several discussions on the losses of heat and 
water throogh the radiation that takes place in all steam ships 
at sea, and all engineers, without exception, maintain that there 
is only a loss of power or heat, but no peroeptible loss of water. 
I consider this is a wrong oonolusion. If there is no loss of 
water through radiation, can anyone explain how maoh leas 
water was required to make up the losses than formerly, in the 
case which has been detailed? To my mind it can only be 
accounted for by what was done to prevent the loss of heat. 
Iron being a porous good conductor of heat, and, as we are all aware, 
steam being merely a gas until it mixes with the atmosphere, it 
seems to me that the boiler steam or gas seeks its way through the 
porous iron in the shape of heat, consequently a loss of gas means 
a loss of water. If the boiler gas did not find its way through the 
various metals they would never become hot or warm at the exter- 
nal surfaces. I have not been able to find a scientiflo work that 
gives adequate practical solution of the loss of heat at the various 
working pressures of the present time, and shall be glad to obtain 
the name of a reliable book that would throw any practical light 
on the matter. All the various experiments which I have made 
from time to time, lead me to believe that where tbere is a loss of 
heat there is a corresponding loss of water in the boilers. Let us 
suppose a oast iron cylinder, say 1 inch thick, to be filled ^ with 
water, let it be accurately weighed, and then let the steam be raised to, 
says 160 pounds pressure, and kept up for a week night and day, 
then let it be cooled down to its original temperature and again 
weighed, it seems to me we should find it muoh lighter than it was 
originally. Unfortunately [ have not the means at present to cany 
out accurate experiments of this sort, it requires finely graduated 
scales to arrive at a correct per-centage of die loss of weight that 
takes place, too fine, I fear, to be done on board a ship at sea. 



I hope, when the aU-importaiit question of the best ineaas <d 
Ventilatui^ engine-rooms oi ships of the present day ie disousaed, 
that yoa will Be able to suggest cheap and efficient means that will 
do awaj with the unueooessary sufFenng our brother engineers have 
f© go through in the tropioe, so that they may have some comfort 
in performing their arduous duties. We cannot in reason feel 
otherwise than regretful or vexed, when it beoomes necessary to 
call the junior engineers from the hot quarters they have to sleep 
in, as a rule, to work, or even to take their wat^dies in still hotter 
engine-rooms, and the question has been before me many timea ; 
what would be the result if the engineers on wat^di were to become 
exliausted P Now that ships have to be driven to their utmost -povrex 
and are fitted with bo much machinery (for deck and saloou oomforts 
snd conveniences) to be looked after, I shudder at what might be 
the consequence to the ship and everyone on board, in the event of 
the engineers losing energy at a moment of the utinost importance 
— which may arise at any time — and result in the loss of one of 
those magnificent ships, a loss which may be called nothing short of 
« nstioniu oahunity, while the risk to human life is also great 

ILLUSTRATION OF HEAT LOST THROUGH 
RADIATION. 

I have taken the average temperatures of the engine-room and 
ctoke-hold of a ship, indicating about 4,000 h.p., oarryiag 
150 lbs. of steam, and fitted with all the latest improvements in tlw 
ahape of Bleotrio Engiaee, Refrigerators, Weir s Fat«nt Food 
Pumps, and many other engines for various porposes generally now 
found in first-olass Mail Steamers. The engine-room was 37 feet 
long and 38 feet wide, depth from top of cylinder cover 29 feet, 
oontents about 40,774 c. feet ; roughly freaking, the maohinery and 
oonneotionB took, say one-half, or 20,387 cub. feet of that space. 
The average temperature for several days in the Tropics in the 
month of November, was 97*3* on the bottom platform, and around 
the top of the cylinders 105'83° sea water 84" ; average temperature 
of atmosphere at night, 80° ; daytime, 85^ By dosing the sky- 
lights and ennne room doors for 2 hours, the temperature rose all 
round IV. It follows, I should say, that when the temperature 
rose 11„ in 2 hours, that it required 20,387 cubic feet of air, or i 
cubical oontents of the engine-room to cany off the heat every two 
boors, to keep the average temperature down tolOI^or the same as 
it vraa before the skylights and doors were shut. I naturally came 
to the oontdusoQ, when the ten:^>erature of the atmosphere and sea 
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fell to 44° and 48* respeotively — the avenge tempwature of the 
EDglish Chaimel from Ushant to GraTesend in the month of 
January — that the ooneeponding Toliime of heat that was loet bv 
the difFerence of temperature Between the Tropioa and Eneliui 
Channel by radiatioii aoooimted for the extra fuel oonramed, aa 
well as the extra amount of feed- water required to make np all loss, aa 
referred to in the previoas part of this paper. I might put it another 
way ; I often found ooming up the English Channel, in the winter 
months agednst a strong head wind, and the stoke-hold and engine- 
room ventilator hoods plsoed head to wind, that the consumptioa of 
ooaU inoreased very muoh without the corresponding inoreaae of 
eteam, due to the increased consomption of ooal ; by turning the 
hoods of the ventilators back to wind, we kept good steam with 
little or no increase in the oonsumption of coal, this was due to the 
fact that all the air required for the combustion of the ooal in the 
fomaoes was drawn from the heated air in the engine-room. This 
shows that the lower the temperature of the atmosphere, the more 
loss of heat by radiation, and oonsequently the greater the loss of 
feed-water and fuel. ThxiB it will be seen that we cannot he too 
particular in preventing the enormous losses of fuel and water 
through radiation. It may be apparently expensive to those who 
rule the exchequer, to prevent the loes of heat by applying the best 
non-oonduoters of the day, but I can assure them that it will he a 
tenfold saving in every way, not only in fuel, but in repairs, stores, 
Ac, and the machinery wul be kept in much better working ordwr, 
and less discontent among their engineers and firemen. I can 
safely say when engineers nave a comfortable engine-room to work 
in, they take a pride in their work. 

Before closing, I may remark, that my attention has been 
called by our Honora^ Secretary to an article which appeared in 
" Fair play," of date January 3rd, 1890, entitled " Temperature of 
Stoke-holes," and written, I undeietond, by one of oar members. 
The article in question deals with a branch of the subject to which 
I have called attention, and is well worthy of perusal and study. 
I trust that those who are interested directly or indirectly, and woo 
have power to remedy matters, will consider that human enduranoe 
has limits, and they have been reached in many of the engine-rooms 
and stoke-holds of the present day, and let us hope that more 
attention will be paid to the whole subjeot of a reduction of 
temperature in the engine-room and stok&-holdB, with better 
ventilation throughout the steamer, and greater coinlort for bodi 
engineers and firemen, so that they may oe able to do their work 
efficiently and have a greater intereet in it. 
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CHAIRMAN'S REMARKS. 

(Ur. a. W. Uanuel). 

The sabjeot brouglit before our notice this erening 
18 of great importance, and shoald be prodaotive of oon- 
nderable disonssion. I am pleased to preside to-nieht, and 
to have heard the Paper which has been pre{>ared oy Mr. 
SommerriUe, who deserves credit for being the first of our 
sea-going members to face the difBoulties attached to writing 
a Paper, and I hope the example he has set will be followed 
by many more. I will now call upon Mr. Buthven to read 
the extract from Fairplay, as Mr. Sommerville, although 
present, is safFeiing from a bad cold. 



TEMPERATURE OF STOKEHOLES. 

(Beprinted troin FtUrpUy, Ju. Srd, 1SM>) 

The Uiadeiicy towards inoreeded rates of combustion and 
higher boiler pressures, is not calculated to enhance the prospects of 
the stokers who have to maintain them, nnleea more efBdent means 
are provided to preyeut the increased temperature of the boiler and 
its fittings from affecting them. The adoption of triple engines 
added about 50° Fah. to the temperature of the boiler, yet in verj 
few instances has any further provision been made to intercept the 
radiant heat from the &ont of the boilers into the stoke-holes iban 
formerly obt^ed with boilers working at one-fourth the pressure ; 
in fact, better designed smoke-box doors were fitted on many of the 
low pressure boilers in steamers engaged in the home trade thirty 
years ago, than are often fitted to-day in steamers trading to the 



tropics. Peihaps many people would be astonUhed if an anaual 
return of the number of engmeers and Sremen trading to the East 
and West Indiee who die, or undergo medical treatment, was mads 
public, and it would probably be found that Sre oan claim as many 
Tiotims as water among the orews of merchant steametB, though th& 
agency of the former is not often so directly traoeable as that of the 
latter in producing its results With the most perfect system of 
ventilation it should not be forgotten that a pieoe of meat^-or a 
man~ may he roasted though entirely surrounded by an ioe-oold 
atmosphere, if no provision is made to intercept the radiant heat 
which may be directed against it — or him. There are very few 
stoke-holes which would not be improved by the freer use of 
asbestos lagging, or by ftctiug more bafSe plates, additional to the 
one sometimes fitted to the outside of smoke-box doors and up- 
takes. We are aware that in the majority of oases plates of this 
description are fitted outside the up-tu^e, and inside the smoke-bos 
doors, but they are often omitted from the aide of the door next the 
stokehole for the sake of giving a neat finish to the front of the 
boiler. A little consideratiOD of the matter wiU show us that whil& 
an in^de baffle plate is necessary to protect the door from the 
flames that would otherwise impinge against it with forced fires, it 
cannot protect the fireman from the radiant beat as efficiently as aa 
outside plate spaced about one inch off the door, while the specific 
gravity of the air in this space induces a constant circulation tending 
to cool the stoke-hole ; a layer of silicate cotton, or asbestos, may 
be attached to this plate to increase its efficiency. With high latea 
of combustion this is eepeoiaUy ueoeesary, and a red-hot smoke-box 
door or up-take should never be regarded as a necessary evil under 
any circumstances. In the majority of cases where forced draught 
is employed with an open stoke-hole, the funnel may be advan- 
tageously utilized to promote the ventilatioD by making it annular, 
and leading pipes from those parts of the stoke-hole where the 
heated air is likely to be " pocketed," to the central space in the 
funnel where the issuing gases surroundiug the ventilator would, 
by heating it, make it more effective. This would necessitate no 
alteration in the size of the funnels, as the proportions necessary to 
impart a good appearance to the ship is generally greater than is 
dictated by the exigencies of forced draught. When heated air is 
supplied to the fires-— a condition which will probably be general in 
the near future — care should be taken to render the paseage from 
the beating -chamber to ibe fires air*tight; if this casing is im- 
perfectly fitted, and hot air permitted to pass into the stoke-hole 
instead of the furnaces, it soon makes itself apparent by increasing 
the temperature, to the discomfort of the firemen. We have known 
this to occur in ships fitted by some of the beet engineers in the 
country, but who do not seem to have yet realised Uie great im- 
portance of reducing the funnel temperature by heating the air 
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and have oonsequeDtl; dispUjed lees oare in fitting the apparatus 
than the benefit derivable from it warrants ; the reault has been to 
discredit the system instead of those -who have misappUed it. It is 
a mistake to assume that the use of hot air neoessanlj involves a 
higher stokehole temperature, unless the air is heated beyond the 
temperature of the boilei ; on the oontrary, the air casing tends to 
keep the stokehole cool by intercepting and utilising the radiant 
heat from the front of the boiler shell, and, in the interest of ship- 
owners and stokers alike, we would suggest the desirability of 
testing the tightness of this casing by filling it with water before 
going to sea with it. 



MR. F. W. SHOREY'S REMARKS. 

I,8u Skbtck a.) 

It is with pleasure I have listened to Mr. Sommerville's 
Paper, which must have taken muob time and trouble to write, as 
weU as to oolleot the information given. 

Most of us here know what it is to be oat in the Tropics when 
there is scarcely a breath of air, and how uncomfortable it is to be 
down in the engine-room at such times. 

Now Mr. Sommerville has explained these things veir fully ; 
but has not introduced to us any particular method of obviating 
this want of ventilation, but has only suggested that all steam 
pipes and surfaces exposed should be covered with some non- 
conducting material to prevent radiation. 

I am somewhat disappointed that he did not give us his idea of 
some means of removing these unpleasantnesses in the engine- 
room and stoke-hold. 

Last week I was in a factory where they were making a 
patent ventilatiug apparatus for st«imers and public buildings, and 
was informed that the North G-erman Lloyd's and other steamers, 
and several theatres were fitted with it, and that it suits the 
purpose intended very well. Considering it a neat and simple 
arrangement I made a sketch, which I now place befwe yon. 

You will see from the sketch that it is a gnnmetal shell, 
through the centre of «bioh is a spindle ; in the shell rests a nozzle, 
which is kept in its plaoe by the spring shown on the spindle ; the 
nut at the top of the spindle is for adjusting the lift of nozzle, so as 
to regulate the quantity of air required to be toned through. 

Any nnmbor of theae ventilating nozzles can be used, as they 
are attadied to a pipe throagh which the pure air is forced by a 



ptunp at a preflsore varymg from three to five pounds pressure per 
square inoh. 

You will see from the sketoh that it is a eimple arrangement 
aad oonld be fitted to steamers at a very little oost 



MR. HAWTHORN'S REMARKS. 

I have listdued veir attentirely to the valuable paper that has 
just been read vith a deal of BatisfaotioQ, and it appears to me 
tliat, although many improTements have been made in the design 
of Marine Engines and the mannw of working them, we are very 
oonservatire in the matter of ventilation, and I think the time has 
arriTed for Engineers to take the matter up. I have had 
eipeiienoe of one kind only of meohanical ventilation, and the 
ship I refer to is the " Aut/rian Monarch." During my service on 
boud tliat ship, as Junior Engines, we had a fan on the upper 
platform, driven by an ordinary belt from the after coupling of 
the shaft. This fan was there for ventilating the ca^e deck 
during bad weatiier, and when the hat^lies had to be closed. But 
under similar oonditione no provision was made for the engine- 
room or stokehold. It also appears to me that the time has 
arrived to do away with those great unseemely oowls stuck about 
the funnel casing, and which must ofier a great reBistanoe to the 
ship's way when at great speed. I would suggest that some 
appliance be adopted, which would induce an up-current of air, 
such as we see on the tops of ohimneys of our houses, and which 
may be mode to work on the principle of the " Eumbee " Jet, the 
speed of the ship through the watw would nve sufficient velooi^ 
to a current of air across the top of the up-tnbe that would induce 
the hot air to rise more freely. 



MR. W. C. ROBERTS' REMARKS. 



There is one form of ventilator which I think merits reference 
and which I have found useful for confined spaces such as holds, 
&o. I will give you a rough sketch of it. I may say that in one 
or two of our large steamers the engineers bavefitted up punkahs over 
the starting platform and find great benefit therefrom. Although 
considered a kind of luxury at sea, and only fitted to dining saloons, 
engineers are quite entitled to the oomfort derived from their use. 
Made portable they can be put up or taken dovn,** ^yiv ., .-. ,^ 



MR. BRUCE'S REMARKS. 

This paper is one of conmderable intereet, from the nature of 
the suhjeet with whioh it deals, and it is important on aooount of 
the practical and reasonable manner in vhich it treats the points 
touched upon. It is nndouhtadlr in the interests of shipowoOTS, 
that those in charge of the propelling maohinery should be able to 
discharge their onerous duties with the least possible Inconvenience 
from badly Tentilat«d engine and boiler oompartmenta ; and 
seeing that discomfort from such a oanse as this is a matter vhioh 
a little care and forethought while desifftting any given ship may be 
dealt with without aay material inorease of first ooat, it is 
remarkable that many vessels which may be suitable for trading in 
temperate zones are ^together unfit to work in, when sent to trade 
in hotter quarters of the globe. 

As to the beet means to adopt in order that engine and 
boiler-rooms may be made more comfortable, there is no doubt 
plenty of room for difiouasion. I tliink, however, that while the 
aathor has treated the engine-room from the point of view that it 
should be exhausted of warm air from the top, my view would be 
that the warm air of the engine-room and the spaces above and 
around the boilers, as far as possible, should be taken hold of by a 
fan, suitably placed, and discharged into the ashpits in order to 
assist combustion of fuel ; the air, in its progress aftw leaving the 
fan, might have its temperature further augmented by heat from 
the gases escaping from the combustion ohombers and smoke- 
boxes. 

Instead of one fan only being used two or more may be 
employed, with discharges common to one receiver, one engine 
being common to the two or more fans, and with properly 
placed " downcast " tubes of ample size a sufficient quantity of 
oool/reth air would be supplied. 

Regarding the remarks of the author on Badiation, there can 
be no question of the importanoe to steam users generally of every 
discovery that may be made of means whereby tne losses from this 
oause may be minimised. I do not know whether all that oau be 
learned about the best means to be employed in order to reduce 
losses from this oause, has been learned, but being one who believes 
that the experience of mMnbers of this Institution qualifies them 
to handle such a subject, as well as kindred suhjeots of vital 
importanoe to the Marine Engine, I am in hope that ere long some 
investigation oommittees may be formed, in order that the fullest 
possible information may be collected and arranged at the disposal 
of the Institute, so that "those who go down to the sea in 
ehips " may do so in greater safety and mmfort. 



MR. J. H. THOMSON'S REMARKS. 

A short time before the death of Ur. Gbeeo (whose name u 
BO Trell-known in oonneotioa with the subjeot of yentalation) I had 
the |deasure of meeting him on seTeral oooaaions, and also of Beeinv 
his BTstem in operation at his offioes in Queen Victoria Street, and 
he frequently said that all the patent nozzles and fans, &o., for 
removing the vitiated air would be uselees nnleee thwe was provi- 
noD made for a freeh supply of pure air to take its plaoe, and he 
looked upon the means of ooUeoting and distributing the fresh air 
equally as important with hia patent nozzles and their application. 

As the diBOussion is to be continued on another evening I 
would like to mention that there are several works in the library 
whioh treat on the subjects of ventilation and radiation, and those 
vrishing to take part in the discussion may find something in them 
that may be useful aod assist us in throwing some light on the 
Bubjeot whioh may be a means of improving the oomfort of all on 
boud steanuhips. 



MR. J. M^F. GRAY'S REMARKS. 

The Buhjeot of this paper is of great iniportanoe to the mem- 
bers of this Institute and the author nas dealt with it in a manner 
deserving the highest praise. The earnest common eense with 
which he represents the engineers' high temperature grievance 
must be appreoiated by the oool judgment of any reasonable owner. 
Certain callings have their natural discomforts which can nevei* be 
entirely removed, as those of the coal miner and the soldier, hut 
with tne engineer, what is complained of is different, for nature 
invites the owner to remove the grievance, and the author of the 
paper assures him that he will save coal by doing so. The great 
increase of temperature of tiie steam now employed has, iu recent 
yean, been most profitable to the ownera, and there is no reason 
why every proper means should not be taken to prevent such im- 
provements becoming intolerable to the engineers. The instances 
in whioh engiceera and firemen have dropped down at sea, the 
victims of heat apoplexy, or have through exposure to high 
temperatures, in despair, ooumiitted suicide are reported to be 
alaiTDingly on the increase. The very temperate representation of 
this hardship by the author of this paper is, therefOTC, likely to 
lead to a good result. The plan deecnbed, of a oeutral ventilating 
pipe in tne funnel, will, no doubt, be to some extent an improve- 
ment. The best arrangement must be where all the air for the 
fumaoes is taken through the stoke-hold. Where heated forced 
draught is ranplc^ed the fans ought to take a great part if not aU 
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of the Bupplj from the Btoke-hold near the floor. The effioienoy 
of suoh a pipe in the fimnel is less in reepeot to dian^t than tlw 
funnel itself heoause Uie air is not at the same hi? h tfimperatoie 
for the whole length of the pipe. 

The anthor ruses a qaestion ahont the difference of make ap 
water in hot and in cold climates. He explains how that difierenoe 
arisee as be thinks, bat I am afraid his views will not, on this 
point, be accepted. That steam should be continufdly finding its 
way through the solid metal of boiler shells and through the 
lagging along with the heat radiating from {he external surfaces 
is qoite a new idea, and, so far as I know, it does not occur. The 
aauior cannot, however, be said to be stating what is absolutely 
unreasonable to imagine, because many solid metals are traversed 
by different gases. As illustrating the permeability of cast iron 
I Tsmind yon that the faermetioally sealed cored-out niaces in 
steam pistons and cylinder covers, after being exposed for some 
years to steam, beoome'filled with inflammable gas. When these 
nave been ftftorwards bored into for some reason, and a light brought 
near the hole, explorions have occurred, and in one case within my 
parsonal knowledge the workman lost his sight in this way. 
whatever that gas is it must have coma throu^ at least part of 
the thicfaoees of the iron. I state this that you may not expose 
yourselves nnwittangly to mmilar exploaoos and — to minimise the 
abnormal character of the statement in the paper. Probably 
further experiments may show that the difference observed by the 
antjunr is not generally confirmed, or that it may be otherwise 
aoooanted f or. 



MR. SOMMERVILLE-S CLOSING REMARKS. 

'Mi. Bhorey has expressed his surprise that I did not mention 
floy partionlar mechanical apparatus tot Twitilating engine romns. 

I merely mentioned meohaDical &])plianoe8 generally, as there 
are so many in the market, each daimmg to be the best, that it is 
imposedble for me to say which has the palm. Some engineers 
seem to think that it is beet to force air into engine rooms. Others 
are of opinion that to exhaust the air from me hottest part and 
discharge it into the stoke-hold and induce a draught that way is 
Iwst 

"Which way is the beetf I think ought to be decided by 
those who have the choice of the various meohanloal appliances, 
and who have taken the opinicms of a number of experienced 



angineers trading to the Tropics at all Beaeons of the year and oon* 
sidered them oarefollj frith ue plans before Uiem. 

Mr. Havthom has spoken veiT Iruly when he Bays that moie- 
attention has been paid to the ventilation of cattle aooommodatlon: 
on BteamshipB than n&s been paid to engine roome and stoke-holds. 
I have heard of various plans being tried vith more or less suooem 
in ventilating oattle aooommodation, bnt I am sorry to say that I 
have never seen or heard of any meohanioal applianoes being tried 
to ventilate Engine-Boome and Btoke-Holds. The l&ig^ and on- 
seemly ventilators and oowls vhioh are fitted to Bhii» Mr. Hawthorn 
thinks might be replaced by some kind of antomatio ventnlator. 
There are a number of these antomatio ventilators that might be 
nsed to advantage and ensure a oontinuons np-draught for engine 
rooms and stoke-holds at all times. 

I have sem a good many applianoes of the description he 
mentions tried, and nave foimd wan very efFeotive while there is 
wind ; but, unfortunately, when most required, suoh as in the Bed 
8ea in the hot season, and when there is not a Inreath of wind, they 
stop work. The very faot of them stopping work when most 
required shows we want a reliable aj^lianoe driven by the engines, 
BO that we can be sure of them workiiig at all times. 

The Ventilator which Mr. Roberts has sketohed is efEeotive 
mily when there is a head-wind, or a vary great difFereuoe in the 
temperatore of the holds and the atmosphere ; how maoh I am not 
prepared to say, but in a light, fair wind, when there is no draodit 
caused by the ship, I am uraid the plan would be of little semoe. 

Mr. Brace's remaiks are very good indeed, and I have no 
doubt that the plans he suggests, if carried out, would add very 
mooh to the oonuort and heeuth of the engine-room staff. I shall 
not fail, should ever I have an opportunity, to take advantage of 
his sug^^estions. 

J£t. McFarlane Glray has questioned why there should be suc^ 
a loss of water daily, and thinks I should have entered more into 
details oonoeming this loss. He has ^ven us, to my mind, a good, 
praotioal and also scientific explanation himself, namely, oast-iron 
being porous, the heat finds its way through the pores to the 
surroondiog atmosphere ; it follows there must be a loss of water in 
the boilers, according to the theoiy I have advanced in mrder to 
explain this loss, and I hold to it until I can obtain another 
explanation. 

Mr. Thompson has advised us and others to read soienttfio 
books on radiation, and the loss that ooours through oondensation. 
There are several, he says, of these volumes in the Xdbrary 



belonging to this Institate. As nearly all the members are sea- 
going engineers, I have no doubt tbey are only too glad to bave as 
many hooiB as possible of the short time they do hare at home, 
'with their iriTee and lamilies, rather than oome to the Beading^ 
Hoom imd read highly soientifio works, while to buy them is 
beyond the reach of a great many of us. Therefore, I think it 
would be a good plan to have a CirculatiDg library oonneoted 
vith this Institate, so that we oould take books to sea with oa. 
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ENGINE-ROOMS & STOKE-HOLDS 

RADIATION OF HBAT. 

AnjoDttSBD DiscuHBioN — Tpbsday, Februart 18th, 1890 



CHAIRMAN'S OPENINQ REMARKS. 
(He. Jas. Adamsoh.) 

Id oi^er to gather together the TBiious ideas in the p&p<r 
read on Slot Januarr vith a view to lesniiie the discoBBion on the 
Tentilation of, and the Radiation of Heat in, the Engine Boom and 
Btoke-hold, I will hriefly refer to sereral notew(nthj points from 
which profitable remarks m&j be Btarted. The paper itself has an 
intrinsioTalue, hnt it poeseasee a greater value as initiating adisons- 
noQ which I hope will he prodaotive of benefit to ub all. 

The preeenoe of Garbomo Add Ghu in lai^ qoantitieB was 
referred to as more or lees nozioiis to the human frame; its poison- 
ous nature is well known to dwellers in cities with their oiowded 
assemblies, and to dwellers in the oonntiy &om its direful effects 
in mines as Choke Damp — C O,. The method used in Tentalatlng 
mines I need not remark upon ezoept to saj that we may oooasion- 
aily see it illustrated, muoh to the discomfort of the engineers and 
detriment of the machinery, when the ei^ine room is hotter 
than the stoke-hold, and in addition is boxed in and narrowed at 
the top to form a funnel, so to speak, bj which the partly heated 
air from the stoke-hold obtains vent, oanying with it loose particles 
of dost to find a lodgment in the oil oops and brasses, bringing 
about the result of a hot hearing with its consequmt worry, 
anxiety, and fatigue to the Engineers. 

It is, therefOTe, important that the functions of the funnel 
proper should not be usurped by the engine room skylight- 
examples of this may have been observed by some members premnt 
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In addition to Carbonic Aoid Gaa or Carbon Duumde, refer- 
ence ma^ be made to the presence of Bilge Chie, wbiob, unlike 
Carbonic Aoid G^ has a very ungrateful odour, aod while the 
one is hv^uently need to add to the pleasures of the table the other 
certainly interferes with both the appetit« and the digestion. 

It is of moment to ke^ the bilges sweet and dean by meona 
of disinfectants and elbow sf rente. 

The accommodation pioTided for engineers in very many 
uners is out of all keeping with the nature of the dunes they 
are called upon to discharge ; this is beyond question. 

The slight saving in first cost and the prospective earning 
power of what is thus saved is generally purchased at very 
much above the true market value. Not only is there want of 
ventilation but want of light, both in respect to the accommoda- 
tion itself and tliOBe who are reeponeible . for the policy whioh 
designs it. The more important lines of steamers cannot be taxed 
with this short^BigbtednesB ; still it rules in lines of lesser note, 
leading to frequent changing of engineers and the ruin of much 
valuable macmnery for want of that interest and pride whioh every 
true engineer takes in the work committed to his watchful care. 

It stands to reason that a man whose personal oomfort reoeives 
some attention and thought from his employer will endeavour to 
show his appreciation by making every emtrt to crown with success 
the ventures of that employer. The contrary proposition does not 
always follow, but, I may say, it tends to follow in inverse ratio 
to the strength of moral courage added to high ideal of duty 
possessed by each one serving against removable burdens imposed 
by those in antlumty. 

Begarding the ordinary style of ventilator fitted in the Stoke- 
holds, one very objectionable feature lies in the injury frequently 
done to the turDacefl, combustion chambers, aod tube ends when 
oleaoing fires with the cowls turned to face the wind. The damage 
done to the boilers when under steam by allowing oold air to entor 
Hie furnaces by the oppn doorway was specially referred to at a 
previous discussion, and I think it of sufficient importanoe to men- 
tion it again. 

One or other of the arrangements fitted to admit of turning 
the cowls from the Stoke-hold flooring plates, and orders carried 
oat to the effect that the cowls be turned back to wind, when 
cleaning fires or sweeping tubes, would obviato the risk of damage. 

It oooasioDally happens tliat th« ventilators come down into 
the Btok&-hold within a snort distance of one of the fumaoes or the 



wing of the Imiler ; the distanoe to the hnlkhead being only 
Buffioient for firing purpoBee, it will thus readily be seen that tna 
mah of cold air mast be hurtful to the heated jdatee, espeoiallj at 
the landings, in such oases. 

I have seen records of a Stoke-hold each as this where the 
temperature between the ventilators has been about 100° and on 
either side about 150". 

The small boxed-in sfyle of engine room akyUght was strongly 
condemned in the paper as being a oonserTer of heat affecting bodi 
passenger and cabin accommodation and engine room, and taking 
the ezperienoe of Mr. SommerviUe, the cutting away of ibe bulk- 
head around the engine room and leaving it open to the alley-way 
made a oonsiderabk improvement ; the passenger aooommodation 
being made more oomfcrUble, due to the heat from the engine 
room finding vent and drawing the oooler but vitiated air from the 
alleyways and inducing a current from the outside atmosphere. 

The bulkhead plating in the neighbourhood of the engine 
room and stoke-hold beoomes hot in itself and also a oonduotor of 
beat ; it is thus important that means should be taken to keep it as 
oool as possible by means of a current of air, and have a gocd clear 
exit for the heat. 

The fan system of ventilation was referred to, either used as 
an exhauster or blower. The disadvantage of having a fan driven 
off the main engine shaft is that while in port, with the main 
engine, stopped, the system is at a standstill, out not the need for 

ventilation and a oool atmosphere. 

There are several different plans for ventilating various parts 
of a steamer by means of fans arranged to discharge into the main 
funnel, and so give, in a sense, foroed or induced draught at the 
same time. 

Other systems, again, aim at drawing the vitiated air from 
the cabins and saloons by means of pipes led through the ship and 
terminating at the funnel or funnel casing, the extreme beat at the 
root being taken advant^e of to induce a current. Some advocate 
the outlet being led into the funnel itself, others advocate the out- 
let being led mto the ftnTiiiVr spaoe around the funnel. I have 
also seen a pipe led from the engine room into the stoke-hcdd at an 
angle with a view to the same tmdt. 

Various forms of ventilatiDg cowls were suf geeted — all, how- 
ev^, dependent more or less on a breeze of wind on deck in order 
to make them effective. 

The loss of fresh water and the lose of 8t«am through radiation 
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is a y&iy important subject ; the theory, however, which waa sprung 
upon UB by Mr. Sommerrille, I am afraid we will find hud to 
appreciate. The ooveriug of all pipes and every portion of the 
machinery as far as imotioaUe with non-oondudaug material is 
most essential to economy in fuel, as well as the oomfort of all 
whose work lies in the engine room and stoke-hold. 

The difference between the toss of fresh water on this side of 
the Canal to that on the other side, was probably, to a large extent, 
dae to the extra steam used for baths and saloon porposes. It is a 
wasteful plan to heat bath rooms by steam. 

I have merely gone over several of the points suggested by the 
paper with the object of bringing them before the notice of the 
meeting to induce disouasion, and shall be glad if members will 
make weir remarks freely that the time may De fuUy utilised. 



MR. R. DUNCAN'S REMARKS. 
My ideas differ from some others given as to the engine room 
sky-hght not being used as a funnel ior taking out the hot air. I 
believe it should oe used for this purpose. la this paper it is 
stated that the ship was cooler with the engine room open at the 
sides than when boxed in ; I take the cause of this to oe that the 
air gets rarefied by the hot oyliiiders, and rushes up through the 
sky-light above, thus aoting as an ejector. The air then flows in 
from me passages into the engine room, to supply the place of 
what has gone through the sky-light. I have also found that 
engine rooms with large sky-lights are cooler than those with small 
ones. The engine room of one vessel I sailed in out to the east 
was very confined, hut had a very large sky-hght. This ship was 
very much cooler than another in whioh I sailed in the same trade. 
The latter had a large engine room with plenly of area to move 
about in, but a veiy small sky-hght. In this vessel I made another 
opening, 3 ft. square, right above the high pressure easing. This 
hole reduced the temperature 9 degrees. Both these engine rooms 
were of the boxed in type, with a dose bulkhead between the 
engines and stoke-hold, and in both I had canvas shoots fastened 
to the bottom of the ventilaters, oairied down to within about 
3 ft. from the fioor. 

As to the ventilation of ships with closed in Engine Booms, I 
have seen a double casing put round the upper part of the boiler 
room, and carried to the full h^ht of the casing, whioh was abont 
14 ft. above the main deck. The space between the casings was 
left open at the top, and holes eut tluou^ from the bottom of the 
space into the passages between decks. The air in the space, being 



heated through the plate next the hoiler room, ascends, thereby 
oauaing a good oiroulation. This plan has aoswwed eo well, that 
this part of the ship is about the oooleetond most oomf ratable place 
in her. 



MR. GEORGE W. BUCKWELL'S REMARKS 

(R>jU) bt Hb. B. Adam.} 
The method of Ventilation adopted in the steamers with which 
I am connected is as follows : — For the effioieat ventilation of the 
saloons and other parts of the vessels, the funnels are made double, 
the flDFiylftr space between the funnel and the casing being divided 
on each side vertically, so that the forward part of we after funnel 
is used for ventilating the fronts of the emokebox and uptake, and 
the after part is oonneoted by means of pipes to the exhaust foul 
air from the saloons. The strong up ourreot caused by the heated 
air, acts with great force, and the foul air is conveyed through the 
bulkheads and over the boilers by nine inch wrought iron tubes 
in the older vessels, and by twelve inch tubes in the newer ones, 
oooneoted with a square case at the bottom of the annular space 
round the funnels. Ventilators are placed to lead down into the 
after end of the saloon to the underside of the cabin floors into a 
wooden channel provided to lead the air into the saloons through 
brass gratings. A perforated oomioe is fitted round the saloons, 
and a wooden air pipe made und^r the seats on the saloon floor ; 
the floor and skin of ship forming two sides, the other two sides 
being formed of wood. Thus the fonl air passes through the per- 
forated cornice and down between the ceiling and skin of ship, 
oootinuing along the wooden pipe and saloon floor and rising up 
the bulkhead to the iron pipe, Before mentioned as leading to funnel 
casing. This ensures perfect ventilation and keeps the sides of the 
ship dry and free from rust. 

This method of ventilation overcomes the difficulty experienced 
of keeping the passenger accommodation cool when there is a warm 
Engine-room and Btoke-hold; in fact, the hotter the engine nxwa 
the cooler the saloon seems, but, perhaps that may be really only 
because the Engine-room is so hot that the cool air of the Saloon 
appears cooler than it really is. But I must say that the forward 
end of the Ladies' Saloon, which adjoins the after engine-room 
bulkhead, gets pretty warm at times due to transmitted heat. 

In cross Channel Steamers the heat is most felt with a beam 
wind, the handrails in the Engine-room getting too hot to be 
touched with the naked hand at times. A thermometer hong at 
one particular place (the hottest) on the Engine-room ladder has 
roistered 14S° for two hours at a stretch. It is needless to say 
that a rush is always made past that particular spot. '* " '(.'•■"' 



The oloeed stoke-hold system of forced draught has been said to 
ensure good ventUatioa in the stoke-holds, but I know of two paddle 
steamers where this is any thing hut the oaae. There are two 
boilers forward of, and two abaft the Engines, the fans for supply- 
ing the air being at the after end of the top platform. In this 
p^tioular arrangement the after boilers get all the draught, the 
temperature in that stoke-bold bmug pleasant to remain in, imt the 
forward boilers are obliged to have the ventilators open at times, 
and even then the firemeu at work are nearly baked, the engine- 
room also being cruelly warm. 



MR, J. R. RUTHVEN'S REMARKS. 

(RiAD BI THE ChAIUHAK.} 

I was very glad to hear such a praotioal paper brought before 
us, and as it is treated by Mr. Sommerville it must give good 
results all round. First in its human interest, the necessity of 
living and being able to work in engine and boiler rooms is of the 
first importance to the staff, the passengers, and the owners. We 
must treat owners as our friends and show them that while discuss- 
ing soientifio subjects we look to the practical eSecta on all sides. 
It is dearly shown in this paper that the benefit« will not be con- 
fined to the Engineers' department alone. 

I can assure Mr. Sommerville that in the designing of Engine ^ 
Boom arrangements great th-)ught is generally given, but as every- 
one knows the cost has to be considered, it is just such papers as 
this and the discussions, which I hope will diow to those naving 
the ordering of ships that they study their own interests by making 
every provision for the comfort of the men on whom the safety oi 
their snips depends. 

One of (he points in this paper is of great interest, and Mr. 
Sommerville deserves great credit for bringing it forward, the more 
BO as he cannot explain it. That eight tons of water could dis- 
appear per day is an item that requires looking to. I hope other 
membera will experiment on this point and give us Uieir views at 
a future meeting. I would sugg^ that great care should be taken 
to ascertain the way it is lost, whether as water or as steam, and 
also whra«. There is a wide field for experiment and valuable 
information. 



Chaibmas : My attention was called a day or two ago to an 
artdole in the "Lancet" as well as to uie article in the 
" Engines " which gave rise to it and inspired, I understand, by 



ibe paper read before us on the Slet Jaoiury. It ma; be of 
mtorast to meniberB present to hear what views are expressed by 
iliQ medical jonmaL I will, therefore, with jaat permisrion read 
theartiele. 

THE VENTILATION OF STEAMERS, 

in» Lmtil, Bu.tazdti,Y, FebnuTT IStb, 1890.) 

Attention has been direoted in the " Engineer " to the im- 
perfect arrangements at present made ior ventiUtinR the fire rooms 
and engine rooms of ocean steamers. Not only is tne temperature 
of these rooms exoeBsively high, but frequently there is no free 
circulation of fresh air. This is often due to running dead before 
the wind, and the small supply of oxygen is often so marked that 
not only do the men become oyanosed, but the fomaoee refuse to 
bum andthe steamer has to be turned out of its course so astoseoore 
& oertain amount of head wind. Merely working in suoh a high 
temperature must be exhausting in the extreme ; but when to this 
there is added an icsufSoiest supply of fresh air for respiration and 
for oooling the skin by oausing evaporation, the conditions become 
extremely prejudicial to health. 

The rranedy as pointed out by our contemporary is to bare 
an arrangement of &cs and artenal pipes to ooUeot air from a 
pure source and to distribute it freely to the Tarions rotnus as may 
DO required. 

This has been done already on the OUff of New York and 
other lai^ steamers, and it is to be hoped that the custom will 
soon become general. It is pointed out that tlie advantages and 
consequent improvemraitB would soon repay the slight additional 
outlay, and we think the authoritieB might well insist on due 
provision being made for the efficient ventilation of the above- 
mentioned parts of ships before the usual oertifioate is granted. 



MR. J. H. THOMSON'S REMARKS. 

When reports of insniBoient ventilation have been made th« 
usual thing has been to fit more ventilators and sometimes hei^tea 
-Qie existing tmes or pat latter cowls on them, all with the object 
of getting more cold air down, but I think that if a little more 
attention was given as to how the beat«d air was to escape, better 
results oould be obtained. I have observed that in vesseu witJi a 
fore and aft stoke-hold, frequently one end becomes ui upcast and 
with a change in the direction of the wind to the ship's course, a 
change sometimes takes place in the movement of the air, the end 
of the stoke-hold which formerly was the upcast beooim|ig; ^the 
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downcast ; EeeiDg tMa to be the case I tMnk an improvement could 
be made in the exieting ventilatore by fitting dampere in them at the 
point where the hottest air is usually found and when they become 
upcasts the damper could be shut. This would require at the same 
time a space to be opened in the sice of the ventilator above it, and 
thus allow the hottest air to escape and clear the space for the cold 
to come down. 

Respecting the theory of the loss of water by radiation which 
Mr. SommerTiUe laid before us, if we grant tiiat it does act as 
stated then I should say it will not be kept back by a covering of 
sheet felt or any thickness of non-conducting material ; the loss will 
be found where there is an escape of vapour and not where there 
is radiation only. 



CAPTAIN FROUD'S REMARKS* 

In my experieuce it has beeu easy to secure good, if not 
nearly perfect ventilation of Engine-room and Stoke-hold by 
attention to, and application of the laws which govern the circula- 
tion of fluids, aerial and otherwise. 

Considering the spaces in question as one pit, I divide it un- 
equally by a perpendioidar brattice, extending from top of fiddley 
house to orlop beam, and from side bunker to side bimker. The 
ooluniQB of air in the two shafts are unequal in height — the smaller 
(stoke-hold) one extending to tap of fiddley house — the larger 
(engine-room) stopping short of that height by some three feet, 
that being the bottom of large opening in aides of fiddley round 
engine-room, the diHererce, added to by the estn^heated, and 
consequently lighter air in stoke-hold shaft, sets going the circula- 
tion, which by the way is helped and directed to some extent by 
cool ventilators, one carried down after bulkhead of engine-room in 
a flattened shape to below bottom stroke of piston rod, and another 
one over starting platform (that being on a level with shaft), another 
over condenser. The result is a constant steady rush of air to the 
fires, and up the stoke-hold shaft as shown in accompanying rough 
sketch. Given these conditions it will be seen that if the 'tween 
decks bulkhead round engine-room is removed, a flow of air from 
surrounding cabins, passages and saloon must take place towards 
the fires and stoke-nold shaft. The foregoing remarks apply 
mainly to ships with one stoke-hold, and that without a ventilating 
oowl. Where there are two stoke-halds, the forward one is fitted 
in the usual way, after stoke-hold always remaining the uptake. 

Where this system is applied, stagnant air of high temperature, 
loaded with effluvia or not, cannot keep its place on the fioor of ar 
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engine-room or stoke-hold. Where a oroes btmker interrenee 
between engine and boiler, the passage way should be made the 
most of ; it is of great service, though not equal to the open airange- 
ment previously described. 




Loss OF Fuel by Radiation. 



Mr. Bonunerville has too much reason to complain of the 
insiifBcient lagging of Bt«am pipes, oylinders, £c., &c. Every pipe, 
including the flanges, all parts of the cylinders except the bottom, 
feed pipes, feed pum^, and, I think tail rods should be protected, 
these latter as the sbde valve rods are ; when a breeze at a low 
temperature is ranging over the cylinders, the loss of heat from 
the tail rods is great. I^heet iron endosingnon-oonducting material, 
as described in the paper, or, as we venture to say, confined stiU 
air make exoellent insulators. 

I would help ventilation in ships' holds by communication with 
engine-room and stoke-hold, and by the annular casing around the 
funnel, its whole length. 

I deferentially submit that it will be found difficult to fit ei- 
hausting engines to be effective in ventilating, bat I should maoh 
like to see one in use. ' " ■ ■-■^"^s"- 



MR. W. WILSON'S REMARKS. 

The idea of ventilatioii which has ivat been Bpoken of by 
Captain Froud, ie, I think, the very thing that is wanted for 
engine rooms, tor if it (the engine room) can be made the down 
cast and the etoke-hold the ap cast, througb the fires aad fiddley 
gratings, then a ver^ efficient system of ventilation is at once Bet 
up. I think that in the style of engine room shown in ^etoh 
No. 1 and whioh M.T. Sommervilie recommends, that the real cause 
of the superiority of the ventilation is owing to the above principle. 
From personal experience I can say that in these engine rooms I 
found that no matter in what state the atmosphere was on deck 
there was always a cooling current in the passage between engine 
room and stoke-hold. I tnivk Mr. Sommervilie s method of coat- 
ing all the exposed surfaces with a proper non -conducting material 
is the very {oubdation for such a system of ventilation, for the 
prevention of radiation in the engine room will certainly tend to 
induce a down draught through the skylights and other openings 
on top, and thus accomplish the desired object, 

I think Mr. Sommervilie deserves great credit for the way he 
has persevered in getting the engine room and stoke-hold so cool 
and comfortable as he has. I have It on the authority of some of 
those who have sailed in the ship before and after Mr. Sommervilie 
commenced his system of covering that there were some places in 
the engine room where before the covering was put on, the neat was 
so oppressive that with dillioulty they oould stand for a few seconds ; 
whereas, since covering, one can stand at the same places with 
comparative comfort. 

With regard to the theory about water being lost through 
radiation, I must confess I cannot see it. That tbere is a great 
loss of water owing to uncovered surfaces of steam cylinders, pipes, 
&o., very few will deny, and that tbere must be a greater loss on 
the home side than there is on the Indian side of the canal is 
equally evident. In passenger ships — suoh as that io which Mr. 
Sommervilie sails — this difference must be more marked, for there 
is a considerable loss caused by beating operations ; thus, in baths, 
I think I can safely say that about 90 "/o of the passengers take 
hot baths on the home side aa against 10 "/^ on the In<^n side. 
Again in these heating operations in baths, pantries, and galleys, 
more steam will naturally be required if in a semi-condensed state 
(such as would likely be obtained through uncovered pipes) than 
there will be were it in a dry state and of course of a higher 
temperature. Mr. Sommervilie gives us some figures in support of 
bis method of covering, and the saving of ireah water realised 
thereby. . . ^-^ • -s'^ 
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These figures were, as you are aware, as follows : — Before 
cotttine further than that done when Mr. Sommervile joined the 
ship, tne loss was six tons per day on Indian side and eight tons 
on the home side ; after partial covering this was reduced to four 
tons and six tons respectively, and was again reduced by further 
covering, to two tons and four respectively. Now, when I examine 
these figures, I must say they appear a little strange to me and 
thoroughly against what I should have expected, for I find that at 
first with greatest loss, that on the home side exceeds by 33| o/,,, 
that on the Indian side ; when partially covered the difierenoe is 
increased to 50 o/^ and again on further covering it again increases 
to 100 o/„. Now I think that this should not be, I should have 
judged that the ©/„ should have decreased or at least remained 
stationary. I am sorry Mr. Sommerville is not here to give us his 
reasons for this, but, perhaos, he might be able to explain it some 
other time. 



Chairman : "We are pleased to see with us to-night one who 
has some authority to speak on the general subject of ventilation 
from the special study he has devoted to it, and we shall he glad if 
be will give vs a few words on the subject. May I call on 
Mr. Hoey to speak ? 

MR. D. G. HOEY'S REMARKS. 

The subject opened up by the paper is too wide and com- 
prehensive to make it possible to do justice to it in a few desultory 
observations in the course of a debate. The Institute and Marine 
Engineers generally are greatly indebted to the author of the 
paper, for calling attention in so clear and perspicuous a manner to 
a very great evU which urgently calls for a remedy. The paper 
points out with much force that the subject naturally divides 
itself into two distinct branches — (1) Insulation of the heat of 
boilers and all other mechanism and appliances in engine-rooms 
and stoke-holds, to prevent radiation; and {2) Effective intro- 
duction of ftesh air in sufficient quanti^ and coiTeeponding 
repulsion of the vitiated air. 

The su^estioD made by Mr. Thomson, and shewn in a rough 
drawing on the hoard, to continue the ducts (ventilators), or some 
of them, down to near the floor, and to have a let-ofF for the foul 
air at a high level, is in the right direction, and if the outlet tube 
were super-heated to promote rapidity of upwai'd discharge, and 
insulated to prevent loss of the neat, that would work extremely 
well. ' ' . ^.«.«.-.^.^ 
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Captain Froud'e obsrarations are very valuable as shewing tlie 
great importance of a oaeliion of etill air, as an agent in preventing 
radiation, and in approximating to insulation, but wbere the 
temperature is either abnormally high or abnormally low, some- 
thing more is required to secure the <»Bired result. 



MR. W. M. THOMAS' REMARKS. 

As the subject of this Paper clearly denotes, it is in the 
tropical climates that the great necessity is felt for s^me efficient 
means of maintaining a cool engiue-room and stoke-hold. It is 
then that all the present available means of veatilation and cooling 
fail, especially below, and at a time when it is most required, when we 
have a difBculty in keeping a head of steam to drive the ship at proper 
speed, because of lack of draught and inoreaeed temperature of the 
atmosphere, and when the energy of the engineers and firemen are 
taxed to their very utmost ; for, unlees we have wind, the large and 
ugly cowUheadet) ventilators or wind catchers, which are fitted to 
the stoke-holil fiddleys fail, or are of no perceptible use but as 
uptakes, no matter whnt their construction is. And not only in the 
Tropics have we a scarcity of wind, hut oftentimes when we have 
slight breezes the ship is travelling in the same direction, and at 
the same speed as the wind, thus causing a stagnation of atmos> 
phere to those below. The great point to start with in overcoming 
this difficulty is, I believe, to be the drawing oft of the hot and 
vitiated air, and that by the natural and proper channel — through 
the furnaces when, by natural laws, the cooler air must follow by 
every available means, whether it be by the engine-room doors and 
all openings to decks, by skylights, or ventilating pipes properly 
arranged for the purpose. Who, that has served in steamers with 
bunker between the engine-room and stoke-hold has not found 
that in the tunnel passage between them is the coolest place 
below ? And is not this caused by the great volume of nir drawn 
off by the fires P There is a system coming to the front whinh I 
believe will prove, in a great measure, to be the solutinn of this 
problem ; a eystem which is now being taken up by the Admiralty 
tor experiment (I refer to Martin's EVstem of induced draught) 
which makes use of a fan or air propeller fitted in the base of the 
funnel, and driven by some small steam motor, and which greatly 
accelerates the draught and increases the efficiency of the boilers to 
on astonishing extent, and this without any injurious effects on the 
boilers, the air nassiog through by induction, which is the great 
secret of success in locomotive practice. 

Might I suggest that it would be v^ry interesting if we could 
hear more of this system, say from the inventor or patentee 
himself? ■ i .. .. ^-vv .,.^ 
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Section of dovm and upcast Ventilator 
combined. 

Sketoli illustrative of Mr. Bobbxts' B«marks. Page 18. 
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Stbatford, Esses, 

29th March, 1890. 

The First Annual General Mebtino of the Institute of 
Mabine Engineers was held this evenly, vhen, in the uoaToid- 
«ble absence of Mr. Asflan Beldam, President, the Chair was 
occnpied by Mr. J. MoF. Gray, Yioe^President. 

Messages from Messrs. A. Seluam, W. C. Bobbbts and 
J. W. Domonet were read, expresaing r^rets at imaToidable 
abfienoes, and warm wishes for a pleasant and profitable meeting 

The Chairman, after briefly commenting upon the work 
aooomplished during the first year of the history of the Institute, 
called for the appointment of two Somtineers, to examine the 
Toting Papers and deolare the result, showing the Office Bearers 
and CounoU for 1890-91 elected by the votes of the members. 

i5x. B. Adah moved, and MJr. C. L. E. Mblsoh seconded, 
the appointment of Messrs. J. W. Richardson and C, Noble, who 
were duly elected. 

The Chairman then called for the Report and Balance Sheets, 
which were read as follows : — 

ANNUAL REPORT, 1886-90. 

The duty of makinz and submitting an Annual Report is not 
always a pleasant one. It is, therefore, with conniderable pleasure 
and satisfactioQ that I now place before you the First Annual 
Refobt of the Institute op Marine Engineers, containing, as it 
does, a record of continued sucoees in i-espeot to its internal 
progrees and external influence. 

In giving a record of the twelvemonths' work, dating firom 
the 1st February, 1889 till the Slat January, 1890, some reference 
flhould be made to the foundation wort of the organising Com- 
nuttee; I will, therefore, give a brief account of that work, so 
that it may be placed on Record, in the Transactions of the 
3bistitute. 

The question of having an Institute and Booms, in which 
Marine Engineers could meet and discuss the various subjects 
bearing upon their work, has frequently been diccussed during the 
past ten years ; but no organised scheme had been prepared and 
Drought forward to meet the requirements of the case. About the 
month of October, 1888, several conversations were held, ^eee 
resulted in meetings being arranged for in November, 1888. The 
following is an extract from the Minute Book regarding these : — 

" In oonneotion with the proposal to found an Institute for 



Uarine EDgiueers, several intormal preliminary meetings woe 
held. The {ollowine gentlemen were present at most of the 
meetings, and used their personal intoreet towards furthering the 
ohjeots aimed at : — 

Measn. J. Adavson, L. P. Coubbo, D. Obeib., J. Q. EAtrrBouc. 
R. LtiUB. H. PwoH, M. Pkioh, F. W. Shobit, J. H. Thomwk. 

The following attended one or two of the provisional meetings, 
evidencing their sympathy with the movement: — 

Ueosra. J. TitT, C *<onLi, D. HcHnxiN, F. J. Wstn, 
W. TV. Wilson, L. Ogdbn, J. M. Kmr, D. McCaio. 

In addition to these many others showed their concurrence by 
allowing their names to appear on the oLroular dated 20tii 
November, 1888, which waa submitted to, and approved by, the 
Committee, by whom, alno, it was decided to get 2,000 copies 
printed and circulated. The following is a copy of the oiroolaT, 
with the names of the subscribers attached : — 

Dear Sir, London, 20/A November, 1888. 

It has been considered highly desirable to form an 
Institute and Club for Marine Ene^ineers, having for its objects 
the fffomotion of those intellectual and social qualities wnich 
render life more honourable and pleasant by their possession. 

A few gentlemen interested in the subject have met and 
discussed the general idea of forming an Institute and Club 
specially for Marine Engineers, whether in Appointments afloat or 
ashore, with the result that a Provisional Committee has been 
formed to discuss details and take steps to discover how far the 
design would be met by Marine Engineers, The present circular 
letter is issued with a view to the latter intention. 

Briefly, the Objects and Aims of the Institute, which it is 
proposed to name and register the " Institute of Marine Ebgineere " 
would be : — 

1. The social elevation of the members generally. 

2. The progressive advancement of the members in a 

knowledge of specialities and improvemeate in 
machinery as fitted, or proposed to be fltted, on board 
the steamers of the present or future. 

3. The encouragement of original and improved methods of 

working, or arrangements of machinery to produoe 
better results, by giving opportunities to members of 
reading papers, appointing times for discussions, and 
afiording facilities for publishing what, in the opinion 
of members, is likely to prove benefioial and usefuL 



4. The maintaining and improving the status of the pro- 

fession of Marine Engineers, by creating greater 
faoilities for self-oulture, by social intercourse, and ttie 
exercise of those faculties which tend to elevate and 
ennoble. 

5. The providing of aooommodation for members in respect 

to Beading and Beoreation Booms, founding and 
maintaining a Library for the use of membera, and 
supplying on the most moderate terms possible. Board 
and IxM^ging, in part, or whole, for members, in a 
building or boildings convenient to the Docks. 

The undesigned beg to bring before your notioe the inten- 
tions and proposals of tne Provisional Committee, and desire to 
have your views expressed on the annexed form (which please 
retom in the enclosed envelope) if you will kindly consider the 
question and state how far you coincide with the proposals, and if 
you would support the Institute by joining its membership, and 
reoommending others. 

It is proposed to hold a Meeting — ^to which you, and your 
junior Engineers are cordially invited^-on 12th February, 1889, 
in the Workman's Hall, "West Ham Lane. Stratford, at 8 p.m., to 
consider the whole plan of forming and regi6t«ring an Institute 
and Club specially for Marine Engineers. 

*,* It is further proposed to create a Fund tor the purpcwe of 
obtaining and stocking suitable premises for the Institute, by 
giving ^ch one of the first thousand Members a share in the 
undertaking, on pajrment of £1, in addition to the first Annual 
Subscription, each Shareholder being entitled to participate in any 
profits arising out of the Commercial or Trading Depajtment, the 
Lmit to each Member being 20 Shares ; and the Directorate to 
consist of Members of whom two-thirds shall be Shareholders, each 
to the extent of not less than 5 Shares. 

%• In addition to the original Shareholders and Members, it 
is further proposed to elect and reoeive as Honorary Members any 
gentiemen who are interested in Marine Engineering, and who 
may desire to attend the Meetings of the Institate without sharing 
in Its management ; the Sabsoription for such Honorary Members 
being £5 5b. 

%* The right of purohasiog the whule of the Shares, at par, 
shall be reserved to the Institute at the option of the Membership, 
when the Funds admit, so that the profits and whole of the funds 
may be used for the Main Ubjeots of the Institute. 



The Chief Examinep, Beveral of the Board of Trade Sunreyora, 
and many SuperintendiDg En^neers, after reading the foregoing- 
letter, hare signified their cordial sympathy and approval. 

We are, 



Yonrs faithfully, 



■ JAB. ADAHSON 
A. ALLISON 

■ A. BELDAM 
JOHN BRUCE 
L. P. COUBBO 

• W. J. CEAIG 
J. W. DBEBT 
T. W. FISH 
A. J. OIBB 

• D. GBEBB 

• J. «. HAWTHOEN 



D. HENDERSON 
GEO. INQLIS 

■ W. P. LAINU 

J. H. LEIGHTON 

■ B. LESLIE 

• D. McMillan 

A. McMTTECHT 

• U. NOBLE 
H. FBIOB 

• M. PBIOB 
T. BUSSEL 



• F. W. SHOEET 
A. SOMBBVILLB 

• J. SIEWAET 

• J. TAIT 

W. M. TATLOE 
ABCH. THOMSON 

• J. H. THOMSON 
U. TUBNeULL 
J. WABNEE 

J. WILKINSON 
W. W. WILSON 



At a subsequent Meeting, as per Minute, it was decided to 
issue the clroulars remainiug on hand, with an additional note, 
calling special attention to the Meeting to be hold on the 12th 
February, and at the same timo mentioning the clauses relating to 
the Shares, &c., being altered or deleted, the following ia a 
oopy:- 

The Langthornf. Rooms, 



Stratfobi), 



Dear Sir, 



Janmrt/ 29(/i, 1889, 



I would remind you of the Meeting called for the 12tb 
February, and would further ask you to invite all whom you coo- 
eider eligible as Members, Associates or Cbaduates, to attend, so 
that the proposals of the Committee may be laid before a good 
Bepresentative Gathering. 

The Rntrance Fees (£1) are now being received from those 
who have been proposed and Elected as Members, and arrange* 
menta have been made to open a Reading Room in the above 
premises on and after Friday, 1st February, from 5 to 10 p.m. for 
the accommodation of Members, which kindly note. 

The Committee meets every Friday evening from 7.30 lo 10 
to discuss and consider the conoems of the Institute, and receive 
Proposals for Membership. 

L;u.,..,...,GoOglc 



Hoping for your oordial ooK>peration and sapport, in the name 
of the Committee. 



Yours faithfully, 

JAMES AD AM SON, 

Son. Secretary , 

* Oigaoiaiiif Committae. 
t shcnrn in cUmea naihed *,* in the original circolsr are 'being 



The Beading Boom vas opened in the Langthorae Booms, 
15 and 17, Brtwdway, Stratford, E., on the Ist February, in 
aooordaace with a resolution passed by the organising Committee, 
^e table was supplied with papers and magazines oy volimtory 
oontributione, these have been supplementeA from time to time 
both by Toluntary contributions and the vote of the CoonoiL 
Beferenee to the statement attached to this Beport will show mem- 
bwB what papers and magazines may be seen in the Beading Boom, 
and whether contributed from Toluutaiy subsoribers, or the funds 
of the Institute. 

The Property of the Institute, apart from the Library and 
Beading Table literature, is also noted on a statement hwewith 
submitted, and in addition to what is mentioned, there are many 
articles and objects of interest which want of accommodation pre- 
vents the receipt of. 

The question of accommodation has been considnvd at several 
Council Meetings, and discussed by members both in Council and 
in private oirole. It is being forced upon us to take steps to 
enlu-ge the area of our Habitation, and seek premises whicn we 
can (»11 our own. 

The numerical strength of the membership up to the 3l6t 
January, which terminatf^ the first year of the Institule, was as 
follows : — 

Honotary Memben .. .'. .. 15 

Membens .. .. .. .. t^H 

Aa8ociBl« Memben . . Vi 

Aasocistea 16 

Oraduatea . . . . £ 

Total 2S3 



The memberefaip up to this date stands as oodw :- 

Hononuy llemlMn 
Memliert 
AMOCMto Membeis 



Bef^ring to the memb^slup list, it is a matter of very deep 
regret that we have to omit bo many familiar names when usoing 
Dotioes and papers. Tbe liand of deatii has robbed us of not a few 
whose loss we moiim, as well for the value they added to the oom- 
munity, as their personal worth. To some of us the associations 
clustering aroond their names are fragrant with the balm of 
friendship, rooted in the dep^ underlying the elements of qualities 
whioh, combined, are summed up in the ideal of true manhood. 

In the List of Members already printed, are recorded the names 
of Robert Saddler, George Cl^hom, Joseph Stewart, William 
Waddel, and William Sterenson. Sinoe the List was printed and 
bound, along with the small copy of the Articles of Association, 
By-ljaws, &c., two other mranbers have been summoned from our 
midst. By the loss of the £rin, followed by that of the Quetta, 
John Simpson and Andrew McKuiohy have ceased to respond to 
the " roll call " of our membership ; ooth were well known and 
respected for their high sense of duty and personal quahtiee. We 
mourn and deeply sympathise with those they have left behind. 

The attendance of Members at the Keading Soom, whioh is 
open eveiy evening from 5 till 10, has not been so encouraging as 
was anticipated. During the past month or two the average at- 
tendance has been more JEavourable, and it is hoped liiat botii the 
Beading Boom and Lihraxy will he used to a greater extrat during 
the current year. 

It is proposed to established a Girculaling Library as soon aa 
possible, and with a view to this, membffl« and friends who are 
interested in the progress of the Institute are invited to oontribute 
bo<^ of a suitable onaraoter. 

During the Session, 11 papers have been read and discussed. 
These have been printed and are being published, with the 
oxcuption of the second paper whioh was very kindly prepared 
1 1 turriedly) in order to meet an unexpected emergency and was not 
therefore intended for publication. 

I'he list of papers in preparation it is satisfaotory to note is a 
full one and embraces the following subjects ; — ^The Marine Bdler, 



PreservatioQ of Boilers, Boilers (Land and Marine), Pistons, 
Tentilation, Copper Pipee, Valve Gear, &o., in addition to ttiose 
which have already been announoed, with the dates urangei, till 
and including the 13th May. 

It is proposed that members, unable to attend, should send 
their remarks in writing beforehand, to be read at the meeting 
assembled to hear any paper in which they may be interested, or 
the subject matter of which they may be able to throw any l^ht 
upon. Mf-mbers who enter into the diaonssion on any paper should 
send their remarks in writing, as soon after Uie meeting as 
possible, to facilitate the work of publishing. 

It has been proposed by Beveral membets, and it is recom- 
mended by the Councal, that a small charge should be made for the 
papers wmoh are published, this question will fall to be oonsidraed 
and resolved upon by the new Council. 

It has also been proposed that at several ports, where the 
numerical strength warrants such an arrangement, meetings should 
be held simultaneously with the meetings in London, at which the 
same paper should be read and discussed. The discussions at these 

Krts to be printed in the Published Transactions. Cardiff mav 
mentioned as one where the membership is almost strong enough 
already to cany out this proposal. 

The Cash Statement, whioh is also submitted herewith, ia 
eminently satisfactory, and shows a good balance, considering the 
heavy initial expenses in connection with the formation and regis- 
tration (legal expenses) of the Institute. The amount of woii 
accomplished for the money expend*^ may be reckoned as a very 
high rate of interest. 

tn dosing, it may be remarked that, along with the Balance 
Sheet of the Institute, the Lists of Books, of Journals and Maga- 
jdnes, and of other property belomging to the Institute, a Balance 
Sheet of the Malcolm Campbell ii^morial and List of Books is also 
attached. 

Any members or friends who desire to oontribute to this 
Memorial, or lend any volumee to the Institute, are invited to do 
so under the cover of this Loan Collection. 

The hearty thanks of the Institute are due to those members 
and friends who have contributed above measure to the Funds 
and the Library, their names are on record in the Cash Balance 
and library Fund sheets, or on the Library Catflloguee,^ 



The Conversazioiie, which was held in the Town Hall, 
Stratford, on Friday, Deoember 6th, 1889, was attanded hy about 
300 ladies and fentlomen. A full report of the proceedings has 
already been published ; it need only be referred to here as having 
been a most pleasant and suooeesful meeting, socially and 
financially. 

The foUowinc; reconunendations are submitted with a view to 
thmr adoption, as oy resolution of the members assembled, so that 
they may bo thus ratified and passed on to the new Counoil to 
carry into effeot : — 

1. The creaiion of another Office-Bearer to be added as an 
ex-officio Member to the Council, whose duties shall be to keep the 
Minute Book and a record of the tranBaetions of the Council. It 
is recommended that Mr. J. B. Buthren be appointed as Minute 
Secretary, 

2. The addition of Honorary Tice-f^^sidents to the exiBtin|[ 
orders of membership. The object is to admit of the eleotion <tf 
vsU-known gentlemen of position who are interested in Marine 
Engineering, and whose rpnpathies are in the direction of the 
pn^reee and advancement of Marine Engineers in everything 
that tends to greater efficiency and economy in the working (3 
Bteamships. 

It is proposed to invite the special attention of several 
prominent steiunship owners to the claims and growing infloenoe 
of the Institute, with a view to securing their co-operation and 
help towards erecting or purchasing a Duilding, which may be 
fitted with Class and Lecture Bocms, and other arrangements 
calculated to give our young engineers opportunities of improv- 
ing their minds, and better fittmg them for their inoreasing 
reqwnsibilitiefi. 

3. The adoption of a seal with crest and motto for Uie 
Institute, similar to the design shown on the Souvenir of the Con- 
versazione, which was printed from a design evolved from several 
Bobmitted by Mr. W. J. Craig for the approval of the members. 

JAS. ADAMSON, 

Bbnorartf Seereiarg 
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The report having bean read and the Finaneial StatemeDt and 
Balance Sheet submitted, 2fr. Q. Wiltshire moved the adoption 
of the Beport and the reoommeudations of the Council, embodiedin 
the Report, to the effect that — (1) Mr. J. R. Ruthven be appointed 
Minute Secretary, with a seat in the Council ex-officio ; (2) Honorary 
Yioe-Preeidents be elected in accordance with the views of the 
Council ; (3) A seal and motto be adopted for the Institute on the 
lines indicated in the Report. The motion was seconded by 3&. 
Ives, and on being put to the meeting, was carried unanimously. 

The Scrutineers were then called upon to declare the result of 
Uie Toting papers, which was reported to be as follows : — 

Pretidenl • Mr. G. W. Mandel. 

Seeriljry: Mr. Jas. Atahson. 

Treaaarer : Mr. B. Leslie. 



Mr. L. P. CoDBRo Mr. F. W. Shoebt 

„ A. J. Maoihmis „ J. Stewart 

., D, McMillan * „ B. Adah 

„ M. Fbiob * „ R. BftucE 

,, B. G-RBBR ' „ C. Hudson. 

„ A. GiBB • „ S. C. Sage 
„ J. G. Hawthorn 

JUinuit Secretary : Mr. J. B. Bcthtbn. 

The above-named Memb^v were declared to be duly elected, 
and called to meet together on Friday, llth April, at 7.30 p.nL, 
for the transaction of ousiness and election of Members. 

Mr. J. A. BowB proposed a Vote of Thanks to the retiring 
Freeident and Tioe-neeidentB, associating with the latter the 
name of Mr. MoFablanb Gray, who had manifested so warm on 
interest in the Institute, and had been at most, if not all, of the 
meetings, lending his knowledge and experience for the benefit of 
ell. ^e motion was seconded by Mr. S. C. Saqb, and carried 
with acclamation. 

Mr. Gray briefly responded to the Tote of thanks in a few 
appropriate words. 

* New Ueoitien ol ConacU. 
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Mr. J. D. Churchii l said he rose vith. mucli satigfaotion to 
difioharge a pleasant duty. The statement submitted to the 
meeting, showing the progress made by the Institnte in twdve 
months, vas siioh that tue Offioe Bearers and Gonool were 'deserv- 
ing of most hearty thanis for wbat they had done. The mental 
labour of planning and organising, as well as the physioal labour 
and expense connected with such work was considerable, and when 
in addition to all this, he oonsidered that the Institute had been 
brought so well into shape, and so many papers had been con- 
tributeJ end published, it would have been matter for oongratula- 
tion even to find the finances with a balance on the wrong side ; 
but with such a balance as £190, after what had been aooompliehed, 
it was 80 highly satisfactory in his estimation that it called for 
more than passing recognition. There was one of the Offioe 
Bearers who had been pre-eminent in all that ooDcerned the 
foundation worE and progress of the Institute, and for the services 
he had rendered he proposed that the Honorary Secretair sbnuld 
be elected a life member. In oonneotion with the work of the 
past year, he considered that Mr. J. H. Thomson was ono whose 
name ought to be associated specially with the vote of- thank«, as 
on him had devolved much of the duty of aoting as Chairman of 
fJie CouDciL 

Mr. W. W. Wilson seconded the vote of thanks and the 
resolution endorsiDg the views expressed by Mr. Churchill. 
These, on being put to the meeting, were carried unanimously. 

The Chairman then conveyed to the Honorary Secretary the 
Iteeolution of the Meeting, and ratified the same by the usual sign. 

Mr. J. H. Thomson, in reply, said that it was with great 
pleasure he rose to respond to the unanimous and cordial vote of 
thanks passed to the OfBce Bearers and Council, and was sure it 
must be personally gratifying to everyone included therein, to leani 
that the servioes they had rendered to the Institute had been so 
much appreciated. 

Being the first year of what it was hoped would be a long 
and U6ef\3 career, there bad naturally been a number of heavy as 
well as delicate matters to deal with, and whilst trying to promote 
the best interests of the Institute, it was difficult at all timen to 
fall in with the ideas of individual members in matters of detail, 
it was verv pleasant to find by the vote thus taken, as a whole, the 
approval of what had been done by the Office Bearers and Council 
had been expressed so cordially. 

It was very gratifying to receive the thanks and vote of 
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oonfidenoe, yet he felt certain that if every member exerted himself 
to bring in one or more new members, so that at the next Anonal 
General Meeting the Honorary Secretary would be in a positioD 
to report that we had reached our first thousand on ^e roll of 
members, it would be the neatest compliment that could be paid to 
the Council. 

Mr. Churchill had referred to the Uonokaky Secketart in 
particular, and without doubt every member of Council would 
grant that he was deaerving of aU the praise which could be 
bestowed for his untiring energy and perseverance from the 
foundation and commencement of the Institute, and if the speaker 
might be allowed to make use of a phrase which had become 
common at the Committee Mratiogs, viz. : — " This is a matter we 
may safely leave in the bands of the Secretary to deal with and 
reply to," he would conclude by again expressing thanks for the 
vote of confidence so heartily accorded, and leave space for the 
HoKOBARV Secretary to make any further remarks. 

The HoNOBAKv Secretary then said that he felt a very keen 
appreciation of the honour conferred upon him ; it was a matter for 
congratulation that success had so far crowned the efforts of the 
promoters of the J nstitute. That such an Institute was wanted, 
nay necessary, was patent to everyone who ga\e the eubject any 
thought. It had been urged by those who saw behind the itoenes, 
that the superiority of Britain in engineering matters was being 
approached, and it became a question of National importance to see 
that the rising generation of engineers should be well trained, and 
have every opportunity of gaining useful information placed within 
reach. 

lie had always viewed with favour, and had adopted and 
practiced the motto, " Man's success in life is measured by the good 
he does," and in connection with the Institute and other associa- 
tions ho was interested in, he had held in view the motto in ques- 
tion, and he further considered that everyone who gave aasietanoe 
towards furthering the objects aimed at by the Institute would not 
only get good himself, but would have the satisfaction of knowing 
that he was doing good. He oonsiderpd that the work aimed to be 
accomplished by the promoters of the Institute was good. It was 
good for the iudividual and good for the community. By being 
helpful to young engineera in training them to think aright and to 
improve tbemeelves by better fitting all who come within its 
innuence, the Institute would be a means of good to the whole 
Nation. 

He oondnded by expisBung bis warm tbanka for the way in 



whioh liis name had been mentioned, and for the hononr 
conferred in electing him a life member of the Loetitata. 

Mr. J. McFarlane G-rat then spoke on the prospects and 
aunfi of the Institute, and said that if every member of the Institute 
oould be made to realize that his prospects legitimately include the 
whole universe set in boundlese space for eternity, the aim of every- 
one would be to extend his knowledge of the universe, and, as an 
engineer, to take an engineering interest in that order of thingB 
in whioh we find ourselves placed. The aim of the Institute ought 
to be to promote the acquisition of knowledge related to engineer- 
ing and the allied sdenoes. 

To some extent the utilitarian side of knowledge would com- 
mend itself to ux, and he did not think that oould be better 
expressed than in the language of Scripture — " If the iron be 
blunt, and one do not whet the edge, then must he put to more 
strength, but wisdom is profitable to direct." in this sense the 
Institute ought to become a place where the irons we work witii 
can be sharpened, and where knowledge can be obtained which 
may develop into the wisdom that is " profitable to direct." The 
object of study is, with too many, that they may get on, that they 
may obtain promotion and more money. If the object of study 
were solely to acquire knowledge there would be fewer disappoint- 
ments. The real object of aU is enjoyment, and that is believed 
by too many to be obtainable only by possessing money, whether 
that be earned, or come into ty inheritance. But " wisdom is as 
good OS an inheritance, yea, more exceUent is it for theh that 
SEE THE SUN ; forwisdom is a defence and money is a defence, but 
the ezcellenoy of knowledge lies in this, that t^sdom giveth life 
unto him that hath it." Let it be the aim of every member of 
this Institute to be in the rank of tbeh that sua the ^vit. 
There is a sun of beaming Hght in everything in nature, they who 
look for it will see it, and, when it is seen, taen is wisdom felt to 
be more excellent than an inheritance. Let us meet together then 
to whet our iron and to see -the eun. 

Mr. G'ltAY road a long extract from a paper he had written 
many years ago upon the same subject. The preceding sentences 
will convey an idea of its purport. 

The meeting then adjourned to the Bea'liiig Boom where 
coffee was served up. 

The proceedings were resumed at 9.15 when Mr. Masusl 
sided, and said that in looking back on the great 
amount of work done by the membeffs during the past year, he 



40uld most heartily congratulate the retiriQg FreBident and 
<!Ounoil on the BuocesB which has attended their efforts, and on 
the vitality shown hy the Institute having attained to its present 

Sffltion and influence, also oharaot«T, which augured well for ita 
ture Bupoess. He sometimee thought too much had been done, butas 
there seemed to be no wsjit of " go " with the engineers he must 
not be too critical. He desired to impress upon all the necessity of 
thinhing out the subjeots brought before them in the various papers 
«oiineoted with marine engineering, quietly and oompletely, bit by 
bit, so that they should oeoome masters of them, and the desira- 
bility of oontinuing the discussions for this end, so that our marine 
engineers should become intelligent engineers, and when put in 
charge of moehinery now extending to £50,000 in value, they 
may obtain the highest results from the engines, aod he trusted 
that the Institute would aid largely in fitting the members tor a 
higher attention to duty, that its influence would be felt, and that 
the Shipowners would be led to appreciate the beiiefit« accruing 
to the members, and aid its efforts by contributing toitssupport,so 
that their engineers, by increased intelligence^ would render them 
able to compete successfully with ot^r nations, 

Mr. Manuel pointed out that as the pressure of steam used 
in the Marine Engine increased, the economy due to equal 
additions of pressure decreased, and that the duty of tiie sea-gomg 
engineers should be to vat«h more closely the working of their 
machinery, in order to increase its efficiency ; of the boilers, to solve 
the question of supplying the requisite quantity of air by forced 
draught ; and of the auxiliary engines and machines, for refrgierat- 
ing, electric lighting, hydraulics, &c., in order to improve upon them. 

It is desirable before even entering on their duties as junior 
engineers, that a higher knowledge than is at present generally pos- 
sessed should beobtained, as he found many yoimgmen even deficient 
of mechanical drawing, a knowledge of which is absolutely necessary 
and easily acquired, and he hoped that this Institute would be one 
of the means to obtain this knowledge, and that many would avail 
themselves of the opportunity. 

Mr. Manuel said he need hardly point out tliat not only 
each member of this Institute would gain intelligence, hot would 
acquire in their training here, the art of speaking before their 
fellows, and ihat forbearance and oonrteay which would enable 
them better to fulfil important positions in life, whereby th^ 
would add to the advancement, comfort, and happiness of their 
iellow men, as well as their own. 

In ' order to illustrate the advance in marine engineering, he 
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gave a oomparison of tbe P. & O. fleet of steamers from the year 
1837 to]1887, showing the progrees made in 50 years and whi<^ ii 
chiefly due tx) the improrements in the machinery along with tht 
form of vessel better adapted for easy propulsion :— 
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Comparison between " Iberia " and " Ooeano," that is, ships 
built in 1837 and 1887—50 years:— 
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In the " Iberia " one ton of ooal propelled 19 tons displace- 
ment, 168 knots per day. 

In the " Oceana " one ton of coal propelled 106 tons displace* 
ment, 376 knots per day. 

" Ibeiia," lengfth and beam, 16S-ft. x 34-ft. x Ifi-ft. S-in. depth. 
" Occttna," length and beam, 4SS-tt. x £2-11. x 37-ft. depUi. 
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Mr. Mamtjsl oondudei] by saying that it would be seen from 
the fignreB the speed and size o! TeHsela had been gradually inereaa- 
ing and that the last move had been a very oonsiderable one, and 
it would be a questdon more f orthe Shipowner than for the Engineer 
-to decide how far the increoAe should be carried. That high 
speeds are not obtained without a lai^e inorease of fuel, is a fact 
not often considered by the txsvAllm^ publio. In the year 
1830, steamers were built about six times as long as tbay were 
hroad, this proportion of length to beam gradually increased to 
ten to one in 1874, after which the ratio slowly decreased to 
between 8i and 9 to 1, the present proportion. 

The appointment of Auditors for the current year was then 
moved by Mr. R. Broce, who proposed that Mr. J. A. Bows and 
Mr G.W. KiDD should be appointed. Mt-W-Whitb seconded, and 
on being put to the meeting these gentlemen were declared to be 
duly elected. 

Mr. H. E. Lbstur (Honorary Member), then gave an address 
on the subject of a building for the Institute, pointing out the 
great advantages which would result from having premises of a 
special oharaoter to suit the requirements of all grades of engineers. 
Although not an engineer himself, he had a good deal to do with 
eogineeis, with whom also be bad many sympathies in common ; 
he would be pleased to aid in the work of building up the Institute 
80 far as he oould render any assistance, ib. Lbstbr, proposed 
that a meeting should be convened to which gentlemen of portion 
and means in the shipping world should be invited, tnat the 
obieots and aims of the promoters of the Institute might be laid 
before them ; also the claims that such had upon their 
sympathy and support. To this end he offered a donation of £10 
to assist in defraymg any expenses in oonneotion with a meeting, 
and a further donation of £10 towards starting the neudus of a 
building fund. 

Mr. Leslie said that Mr. Lester bod left little for him to 
say, but he might add as to building materials, that of one kind 
there was at present a fair stock, and if young men would only 
take to heart the good sound advice given by Mr. McFarlane 
Q-RAT, they could build themselves up in wisdom and knowledge, 
and hy so doing they would be fitted to fill any position of trust, 
Buoh positions as were largely on the increase so far as Marine 
Engineering was concerned. As remarked, the Institute's 
Beading-Itoom contained a fair stock of building materials for 
tnis purpose, but he thought all members present (and a good 
many who were absent) had come to the oonolumon Uiat the 
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building materials now required vere saoh as oould be seen riaing- 
np vith a good substantial boildin^, where youne men oould spend 
tneir evenings, studying the profesmon on which depended the- 
future prosperity of the country and the power of the nation, and 
he earnestly hoped that leading men and steam ship owners would 
see their way oleaT to encourage and assist the movements of the 
Institute as far as they possibly could, and with their uniTersaJ 
and hearty support. He felt sure that the Institute — which wat 
now fairly established — would in future be the means of doing- 
much good. As foreign countries were going ahead, building 
their own steamers and engines, and oompetifcion getting keener 
every day, he held that if Britain wished to hold the high position 
which it had held in the past, vigorous actiou should be taken to 
maintain our Mercantile Marine as the finest in the world, and 
to this end everyone should do tbeir best to keep it so. He hod 
heard with much pleasure that Loan Bavensworih, at a meeting- 
of the Naval Architects on Friday evening, made mention of the 
good, useful work being done in the East End of London hy 
the young Institute of Marine Engineers, and earnestly hoped 
that the two Institutions might unitedly be the means of further- 
ing Britain's future power and glory. In conclusion, he thought 
that if every member would only throw aa much earuestnees and 
energy into the working of the Institute as the Honorary Secretary, 
no one would have any doubts as to the futtire results. 

Mr. J. McF. Gray considered that there should be two class 
rooms — one for chemistry and one for electricity, in charge of young 
men from the Boyal College of Science, Soufli Kensington, com- 
petent to instruct engineers in these subjects. He pointed out that 
other nations were becoming more and more alive to the importanoe 
of training engineer both in the scientific and mechanical departs 
ments of their business ; so much so, that their education and 
training were mode questions for the Governments to consider and 
legislate for. Such being the case, it behoved everyone interested 
in the progress and supremacy of our National shipping, lo give 
his attention to efforts being made to improve our engineers, and 
he impressed upon the meeting that in order to retain our National 
supremacy in the merchant navy, very great efforts would require 
to be made, when other nations were doing their utmost to train 
up their young engineers at considerable cost, with a view to bring 
them forward well equipped for taking positions requiring technical 
and scientific knowledge, coupled with practical experience. 

Mr. L. P. CoiBRo' urged that in order to carry out the views 
' of the Council it had become manifest that premises of a more 
extensive character would be required. He considered that not only 



should tbere be B«ading Boom and Library and Meetings for 
IBduoational purpoaeB but Reoreation Booms and attraotioua of a 
suitable character for the jonnger members. 

He pointed out that young engineers oame to London from 
all parts of the country and while id port most of them had no 
friend's house to resort to during their spare hours to reheve their 
sense of loneliness, and were thus easily led away to waste both 
time and money in places where bad habits were oontraoted 
and associations formed which were not of a character to improve 
them either mentally or morally. To oounteract these oonditions 
and present pleasant and social attractions to secure the sympathies 
of the junior engineers, he considered that it was necessary to have 
more acooimnodatioQ and premises which would be more in their 
own hands so that members would feel more at home. The pro- 
position made by Mr. Lester had his support and he would be 
pleased, although not by any means rich, to give £10 towards a 
Building Fund if other four would do likewise and make a small 
nucleus of ^0 as a commencement. 

Messrs. J. McFarlane Qbjlt and others spoke in connection 
with this subject and Messrs. J. D. Chuhchili., Alderman Eidd,. 
and Mr. H. W. WHrrE offered to supplement the donation of Mr. 
OonBRo by jEIO, illO lOe., and £6 respectively ' 

The proceedings closed with a few remarks from the Presi dbnt 
in the course of wnioh he offered to meet the proposal made by 
Mb. Lester by giving a similar amount. 

Mr. J. D. CuuRCKiL). proposed that a Special Committee 
should be appointed to make the necessary arrangements for such 
a meeting as hod been indicated, after going fully into the wbol» 
question, bo that a definite plan of operations might be resolved 
upon in the first place. 

A vote of thanks to the Chairman was Uien moved by Mr. 
J. H. Thomson, and seconded by Mr. J. B. Kuthven, and carried 
imanimously, when the meeting terminated. 



'Sinco the Ueeting Mr. A. W. Robbktm>m haa offered to eontribol« 
£10 towards the urangemonU at the propooed Ueeling and £10 towuda the 
Boilding Fund. 
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MALCOLM CAMPBELL MEMORIAL. 

LIBIU^T CATAI.OOIIE. 



No. 


Description. 


Lest bt 


1 


Boilera (deterioration of) 


Jas. Adamsoa 


2 


do. do. Report . . 


do. 


3 


Marioe Enginee, Modem .Amerioen 


J. H. Thomson 


i 


MarineAn;liitectuTe(Chamooks),ToI. 1 


J. Adamson 


5 


do. do. vol. '. 


do. 


6 


do. do. vol. 3 


do. 


7 


Sbipbuilding (A. F. B. Craize) 


do. 
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Naval Archjtecture (D Steel) 


do. 
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Screw Propeller (J. Bourne, C.E.) . . 


J. H. Thomson 


10 


Mercantile Navy List 


Jas. Adamson 
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Society of EngineerajTiansactions 1876 


do. 
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do. do. 1879 


do. 


13 


do. do. ](«^0 


do. 
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do. 
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do. do. 18^2 


do. 


16 


do. do. 1883 
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27 


Mioroscopio Objects (Daviea). . 
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28 


Steam Engine (J. Bourne, O.E.) . . 


do. 
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Engineaiing, vol. 1 1 jggg 
do. vol. J J 


do. 
do. 


31 


Engineering, vol. 1 ,£,-„ 
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do. vol. 2 ^"^ ■• 
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34 


do. 
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do. 


37 


do. \o\. 1 ,^yo 

do. vol.2 '"" ■■ 


do. 


38 


do. 


39 


Dictionary of Eagineeiing, vol. 1 


A. Beldam 


40 


do. do. vol. 2 . , 


do. 


41 


do. do. vol. 3 


Jo. 


42 


Carpcnter'a Guide (Nicholaon) 


Jas. Adamson 


43 


Engineer, Surveyor, and Architect . . 


do. 


44 


Steam Boilers (Peattie) 


do. 


45 


Strength of Materials (T. Box) 


OamphollTrustees 


46 


Physics (Qanots') 


do. 


47 


Applied Mechanics (Rankine) 


do. 


48 


Steam Engine do. 


do. 


49 


£ules and Tables do. 


do. 


50 


Uvea of the Engineers, voL 1 (Smiles) 


do. 


61 


do. do. vol. 2 do. 


do. 


52 


do. do. vol 3 do. 


do. 


63 


do. do. vol. 4 do. 


do. 


64 


do do. vol. 5 do. 


do. 


65 


Practical Engineer (Hutton) 


ao. 


56 


Works Manager do. 


do. 


67 


Marine Steam Engine (Sennett) 


do. 


58 


Marine Engineering (Seatoo) 


do. 


69 


Valve Gears (Zeuners) 


do. 


60 


Hydraulic, Steam and Hand Power. . 


do. 


«1 


Modem Steam Frsotioe (Winton) 






vol. 1 


do. 


62 


Modem Steam Praotio iWinlon) 






vol.2 


do. 


63 


Shipbuilding (Bankine) 


do. 



ju.i...j.,G(">ogIc 



Campbell Collection — Cmttmued. 



No. 


Dbscriptiok. 


Lent bt 


64 


Engineere' Drawing (Lb Blanc) 


Campbell Trusteea 


65 


Nautical Magazine 


1836 


Jas. Adar sou 


66 


do. .. .. 


1837 


do. 


67 


do. 


1838 


do. 


68 


do. 


1839 


do. 


69 


do. 


1840 


do. 


70 


do. 


1S41 


do. 


71 


do. 


l.'M2 


do. 


72 


do. 


1843 


do. 


73 


do. 


1844 


do. 


74 


do. 


1845 


do. 


75 


do. 


1846 


do. 


76 


do. 


1847 


do. 


77 


do. ... 


1848 


do. 


7» 


do. ... 


1649 


do. 


79 


do. ... 


1850 


do. 


80 


do. 


1851 


do. 


81 


do. ... 


1852 


do. 


82 


do. ... 


1853 


do. 


83 


do. 


1854 


do. 


84 


do. ... 


1855 


do. 


85 


do. ... 


1856 


do. 


86 


do. ... 


1857 


do. 


87 


do. ... 


1858 


do. 


88 


do. ... 


1859 


do. 


89 


Boilera, Construction of (Traill 




CamphellTroBteea 


90 


Indicator (Eicharda) . . 




do. 


91 


Treatise on the Indicator (Gra 


lam) . 


do. 


92 


Marine Propellers (Bamaby). 




do. 


93 


Metals (Bloxam and Huntinge 


on) .'. 


do. 


94 


Chemistiy of Metals (Thorpe) 




do. 


95 


Chemistry Non-Metals (Thorp 


B) '.. 


do. 


96 


Lectures on Electricity (Forte 
Practical Electric Lighting (B 


') ■ 


do. 


97 


otaiee) 


do. 


98 


Dynamo Electrio Machinery {1 


lomp. 






son 




do. 


99 


Casting and Founding 




do. 


100 


(Eeed) 


do. 


101 


James Nasmyth (Smilee) . 




do. 



Qauphbll CoLLBorioK — Continued, 



No. 


Descriftiok. 


Lent bv : 


102 


Duty (Smiles) 


C!ampbeU Trustees 
do. 


103 


TIinit(SiIifl«) 


104 


Sooloh NataraliBt (Snule!) . . 


do. 


105 


Life and Lalwur (Smilee) , . 


do. 


106 


Industrial Biography (Smilee) 

SeU Help (Smflee) 


do. 


107 


do. 


108 


Invention and Industry (Smilefl) 


do. 


109 




do. 


110 


Hound the World (Smiles) . . 


do. 


111 


George Moore (Snulee) 


do. 


113 


Robert Diok, Qeologiat (Smiles) 


do. 


113 


Human Physiology (Landvis and 






Starling) 


do 


114 


Outlines of (geology ( jamee (Jeiiie) . . 


do.' 


116 
116 


Geography (Physioal) 


do. 
do. 


117 


do. Tol. 2 


do. 


118 


On the Human Understanding (Loeke) 


do. 


119 


Deterioration of Boilers, &o., vol. 1 . . 


James (3irvin 


120 


do. do. vol. 2 . . 


do. 


121 


do. do. vol. 3 . . 


do. 


122 


Merchant Shipping, History of, vol. 1 


Oamphell Truitees 


123 


do. do., voL 2 


do. 


124 


do. do., vol. 3 


do. 


125 


do. do., voL 4 


do. 


126 
127 


Engineering, vol. 
do. vol. 


1874. . 


do. 


128 
129 


do. vol. 
do. vol. 


1876. . 


do. 


130 
131 


Engineering, vol 
do. vol. 


1876. . 


CampbeU Trustees 


132 


do. vol 23 


1877. . 


i: 


133 


do. VOL 24 




134 
135 


do. vol. 25 
do. VOL 26 


1878. . 


do. 


136 
137 


do. voL 27 
do. VOL 28 


1879. . 


Jo. 


138 
139 


do. voL 29 
do. voL 80 


1880.. 


do. 
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Campbell CoLLB<TnoN — ConHnuad. 



140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
160 

151 
152 



Bogineering, ToL 31 \ 
do. Tol. 38) 



do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 



ToL 331, 
vol. 34 1' 



18fi3. . 
I 1884.. 



[ 1885. . 



Tol. 35 
vol 36 
»ol. 37 
vol. 38 
vol. 39 
vol. 
Inst, of Engmeers and Shipbnildere 

in SooU&nd Tiansactiona . . 

Steam and the Steam Engine (Evera) 

Thomson's En^eering Quide to 

Local Marine Board ExaminatiooB 

The Clyde from its Souroe to the 

Sea (W. J. MiUar) 

The Steam Engine (Hobnee) 



Lent by 

Campbell Troatees 
do. 
do. 
do. 
do. 

Jas. Adamaou 
do. 



Campbell Tmstoes 
do. 
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THE PROPERTY OF THE INSTITUTE. 



No. 


Dbscription. 


Presehik) by. 


1 


Coal Testine Maohme 
Copying MaduQe 


J. McF. Gray 


2 


L. P. Coubro 


3 


Chest Cor papora, &0. . . 

Model— Morton's EadialTslve Gear 


do. 


4 


E. Bruce 


S 


Model— Defiance's Patent Safety 






Water Gauge, also Drawing 
Book Case and Contents Lent by 
Blackboard 


Meests. Dewiance 


6 
7 


Campbell Trustees 
Purdmeed 


8 


Whittell's Patent SUde-Val™ Indi- 






cator 


W. W. Wilson 


9 


Ballot Boi 


Purchased 


10 


Two Occasional Tables 


do. 


11 


One Bet of Cbessmen and Board 


do. 


12 


One set of Draught Men and Board. . 
Two Charts of Eeynolds's Geologioal 


do. 


13 






Diagrams (Coal) 


do. 


14 


Certilicato of Incorporation, in frame 
Two Photos, of Patent Improved 


do. 


15 






Balanced Quadruple Expansion 


flemmg and 




Engines 


Ferguson 


16 


Photo, of Steel Crank Shaft . . 


Jas. Stewart 


17 


Photo, of Iron Crank Shaft .. 


do. 


18 




Jas. Adamson 


19 


Model of Scrow Propeller Lent by 


G. W. Newall 


20 


do. Frenntedby 


W.G.Winterbum 


21 


Model of Patent Luhrioator . . 


P. W. Storey 


22 


Model of Piston Ring and Spring . . 


M. Prior 


23 


Two ModeLi of Pistons 


Jas. Adamson 


24 


Post Office London Directory 


Purchased 


25 


Specimens of Pins, result of wear . . 


W. J. Craig. 


26 


Specimens of Scale 


Jas. Adamson. 


27 


Drawings and Traomga ( various) . . 


do. 


28 




A. Beldam. 


29 


Whitaker's Almanaok 


J. H. Thomson. 


30 


Stratford and District Directory . . 


Jas. Adamson. 


31 


Letter Weigher 


Purchased 


32 


BookCa«i 


A. Beldam 



I Model of Propeller I H. Prior 



INSTITUTE OF MARINE ENGINEERS. 

UBSAKT CATALOOnX. 



No. 


Description. 


Presented bt 


1 


Ufleful iDformation for Engineen 






(Fairbaim) . . 


J. McF. Qroy 


2 


do. do. 2nd 8erie( 


do. 


S 


do. do. 3rd aeiiei 


do. 


4 


Tbe Steam Engine (Boome) . , 


do. 


5 


■Voltaic Eleetricity (Tyndall) . . 


do. 


6 


Link and Yalve Motions (Auohinolass 


do. 


7 


Once a Week, vol. 1 


do. 


8 


do. vol. 2.. 




do. 


9 


do. Tol. 3. . 




do. 


10 


do. vol. 4. . 




do. ■ 


11 


do. vol. 5. . 




do. 


12 


do. vol. 6. . 




do. 


13 


do. vol 7.. 




do. 


14 


do. Tol. 8. . 




do. 


15 


do. vol. 9. . 




do. 


16 


do. vol. 10. . 




do. 


17 


do. vol. 11. . 




do. 


18 


do. vol. 12. . 




do. 


19 


do. vol. 13. . 




do. 


20 


Marine Engines and Boilere, vol. 1 . 


. E. Ls«li8 


21 


do. do. vol. 2 . 


do. 


22 


Malit's Oonstruetion of Artillery 


. J.MoF.Qiay 


23 


Encyolopajdia (Boston's) vol. 1 


. D. Oreer 


24 


do. vol. 2 


do. 


25 


do. vol. 3 


do. 


26 


do. vol. 4 


do. 


27 


Mareh of the Strikers (J. Bevan) . 


. A. Onmpbdl 


28 


Madame Midas (Fergus Hume) 


dof 


29 


Taken from Life (Henry Pettitt) . 


do. 








.„- ^........^ 



LiBiiAEY Catalogue — Continued. 



No. 


Description. 


Fresentbd bt 


30 


The Crime of the Opera Hoiue 


A. Campbell 


31 


Zeph (0. E. Sim.) 


do. 


32 


Without a Home (E. P. Eoe) 


do. 


33 


Coral Pin 


do. 


34 


Zoroaster (P. M. Crawford) . . 


do. 


35 


Soole and Cities 


do. 


36 


Two Tears Ago (Charles KijiKBhjT) . . 


do. 


37 


Notes on liliea (Dp. Walkce) 


do. 


38 


Crime and Pmiishmeot 


do. 


39 


India Re-visited (Edwin Arnold) . . 


ELesUe 


40 


All the Tear Bound, vol 1.. 


J. MoF. Gray 


41 


do. vol 2,. 


do. 


42 


do. vol. 3.. 


do. 


43 


do. [vol. 4.. 


do. 


44 


do. vol 5. . 


do. 


45 


do. vol 6... 


do. 


46 


do. vol 7. . 


do. 


47 


do. vol 8. . 


do. 


48 


do. vol. 9. . 


do. 


49 


do. vol 10. . 


do. 


60 


do. volli.. 


do. 


61 


do. vol. 12. . 


do. 


62 


do. vol 13. . 


do. 


53 


do. vol 14. . 


do. 


64 


do. vol 15. . 


do. 


65 


do. vol. 16. . 


do. 


66 


do. vol. 17. . 


do. 


57 


do. vol 18.. 


do. 


68 


Oood Words, 1860 


do. 


69 


do. 1861 


do. 


60 


do. 1862 


do. 


61 


Electricity (John T. Sprague) 


H. Chisholm 


62 








Bower) 


A. W. Eohertson 


63 


Machine Drawing and Design (Ripper 


do. 


64 


Hydraulic Motors (C R. Bodmer) . . 


J. Loclde 


65 


Engineering Socially Considered 
(Haldane) 






H. Hammctt 


66 


Sleam BoUers (E. D. Munio) 


M. 0. McKeUar 

..■..■. '-^.■. 



LiBRART Catalogue — Continued. 



No. 


DEaCRIPTlON. 


Presented bt 


67 


Tin Steum Engine (W. H. Northoott) 


The Author. 


68 


Geometric Tuming simplified do. . . 


do. 


69 


On Lathes and Tuming do. . . 
Into all the World (John Searth) . . 


do. 


70 


The AuUior. 


71 


The Life of William Denny (A. B. 






Brnoe) 


F. M. Bbok 


72 


Webster's Dietioneiy 


Porchaaed. 


73 


S.8. House Flags 


do. 


74 


A Text Book on Steam and Steam 






Enginee (Prof. Jamieson) . , 
The Engineer's Sketch Book (T. W 


H. 0. MoEellar 


76 






Barber) 


do. 


76 


Mine Engineering (3. C. Greenwell; 


A. MoMurchy 


77 


Mine Engineering do. 
Haddon flaU 


do. 


78 


Capt Angove 


79 


Only a Butterfly 


do7 


80 


Deni Parisiennes 


do. 


81 


Adventurae of a Phaiton (Wm. BUek) 


do. 


82 


Leyton H.U (Mark Lemon) . . 


do. 


83 


Barren Honour 


do. 


84 








M.P) . . 


do. 


«6 


Against Wind and Tide (Holme Lee) 


do. 


86 


Eoba I)i Eoma (Wm. W. Story) . . 


do. 


87 


Deyereux (Lord Lytton) 


do. 


88 


Fortunes of Nigel (Sir W. Seott) . . 


do. 


89 


Tales of Three Oitiefl (Henry James; 
Dumbleton Common (Hon. "E. Eden^ 


do. 


90 


do. 


91 


Hostagee to Fortune (Broddon) 


D. Gillespie 


«2 


Frank SinoUir's Wife, yol. 2 (Mrs. 






EiddeU) 


Capt AngOTe 


«3 


Uandolinette 


i^ 


94 


Prosper Randooe (Tietor Cherbuliez) 


do. 


.95 
96 


Mary (Srealey (Anthony Trollope) .. 
Wiffing to Die (J. S. Le Fanu) . . 


do. 
do. 


97 


In Peslures Oteea (Oibbon) . . 


D. Gillespie 


98 


The Oure of Souls (Cobban) . . 


do. 


99 


At Her Mercy (Jas. Payne) . . 

The Woman in Eed (Hayward) . . 


do. 


99a 


do. 



LiBBAsy Catalogue — Contmued. 



The Tropical A^oultuiiet, 1841-2 . . Capt. Ajigove. 
La Morte (Octave Feuillet) . . . . do, 

Beady-Monej Mortiboy (W. Besant 

and J. Bioe) 
Henrietta Temple (Earl of BeaoonaSeld) 
Oronow'fl Eeoollootions 
Dick's Wandering (Julian Sturg^) . . 
London : its celebrated obaraoten, &o. 

La San-Felice 

Two DucheaBea (F. P. Clark) . . 

The Cirls of FeTersham (Florenoe 

Marnrat) 

Joan (Rhoda Broughton) 

Laurence Sterne, vol. 2 (P. Fitzgerald) 

White Chief (Capt. Mayne Beid) . . 

Bells Donna (Gmbert IDjce) . . 

Lea Dramefi de la !BorSt (Alexis 

Bouvier) 
The Disowned (Lord Lytton) 
BlountTempeet (Rev. J. 0. M. Bellew) 

Austin Elliot 

Condoned (Ann 0. Steele) 
TheSixChief lives— Poeto (M. Arnold) 
L'Usooque (Geo. Sand) 
TheGTin,Ram and Torpedo(G. H. Noel) 
Ravenshoe (H. Kingsley) 
How he won Her (Mrs. EUoart) . 
The Contemporary Review ( Januazy' 

June, 1882) 

The Fortnightly Review (1882) . 

Island Life (A. R. Wallace) . . 

Spon'e Dictionary of Engineering.Div.l Atpresentunknomi 



do. 
do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 



do. 


do. 


Diy, 2 


do. 


do. 


do. 


DiT. 5 


do. 


do. 


do. 


IHy.< 


do. 


do. 


do. 


DiT. .3 


do. 


do. 


do. 


Kt. 6 


do. 


do. . 


do. 


Div. 7 


do. 


do. 


do. 


Div.8 


do. 



LuRABT Gatalooue — Continued. 



No. 


Dbschiition. 


Fbesbmtbd B1 


13S 


Burgh's Pocket Book on Compoimc 






Engines 


J. H. Thomson 


136 


The Steam Engine, vol. 1 (D. K Olark) 


A. "W. Bohertson 


137 


do. vol. 2 do. 


do. 


138 


The Marine Engineer, vol. 1, 1879-80 


J. W. lUohardson 


139 


do. vol. 2, 1880-81 


do. 


140 


do. vol. 3, 1881-82 


do. 


141 


do. vol. 4, 1882-83 


do. 


142 


ao. vol. 5, 1883-84 


do. 


143 


do. vol. 6, 1884-85 


do. 


144 


do. vol. 7, 188-5-86 


do. 


145 


do. vol. 8, 1886-87 


do. 


146 


do. vol. 9, 1887-88 


do. 


147 


do. vol. 10, 1888-89 


do. 


148 


Marine Engineering News, 1876 . . 


do. 


149 


do. 1877 .. 


do. 


150 


do. 1878 .. 


do. 


151 


The Foreman Engineer, 1877 . . 


do. 


152 


do. 1879 .. 


do. 


163 


do. 1880 .. 


do. 


154 


Handbook for Steam U86rB(M. P. Bale) 


The Author 


155 


Marine Engines and Boilere (Geo. 
0. V. Holmes) 






A Lawrie 


166 


Theory of Heat (Maxwell) . . 


J. H. Thomson 


167 


Gonvetsion of Heat into Worli 






(Ajideraon) 


A Lawrie 


158 


Heal a Mode of Motion (Tyndalll . . 
A Praotieal TreatJae on Heat (Boi) 


do. 


159 


do. 


160 


The Engineer's and Machinist's Draw- 






ing Hook 


H. Prior 


161 
163 


Imperial OycloMedia of Machinery . . 
Iron Ship Bnilduig (J. QTanUiam') . . 


do. 
Jae. Adamson 


163 


Good Words, 1866 


J. HoF. Giay 


164 


Shiphuilding— Plates— 


Jas. Adamson 


166 


TheGraphic, vol. 2, 1889 ., 


Property of the 


166 


lUnstrated London News, vol. 2, 1889 


167 


The Steam Engine (Chirk) vol. 3 


A W. Bohertson 


168 


do. do. vol.4 .. 


*. 
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No. 


Description. 


Presekted by 


169 

170 
171 
172 
173 
174 
175 
176 
177 


Hydro-8tati(«4Pneumatio8lMagnaB) 
Elementary Meehanics (Magnus) . . 
Naval Axcbitecture (Thearle), Text . . 

do. • do. Plates 
Engineering, 1877 

do. 1877 

do. 1878 

do. 1878 

The Marine Transport of Petroleum 
(Little) 


J. Taylor 

do. 

do. 

do. 
Jas. Stewart 

do. 

do. 

do. 

The Author 



:i.s.i,:sac,GoOgIc 



LIST OF MAGAZINES AND PAPERS. 

KEADING ROOM TABLE. 



No. 


Description. 


Presentbu bt 




The Graphic, 1890 


Property of the 
Institute. 




Daily Hraphio, 1890 


do. 




The lUustrated London News, 1890 . . 


do. 




Marine Engineer, 1889-90 . . 


do. 






do. 




Industrie!, 1889-90 


do. 




Shipping World, 1889-90 . . 


do. 




Shipping World VToap Bool, 1890 . . 


do. 




lie Bailie, 1889-90 


do. 




Pen and Pencil, 1889-90 . . 


do. 




Iron and Coal Trades Review, 1889 . . 


The Editor 




Practical Engineer, 1889-90 . . 


B. Leslie 




Mechanical World, 1889-90 . . 


A. DanieU 




Engineer 


L. P. Coubro 




Engineering 


do. 




Iron 


Various 




Fairplay 


do. 




Newspaper. 


do. 




Transactions (Institute Engineeis and 


Per favour of the 




Shipbuilders, Scotland) 


Secretary 




Pamphleta and Papera (various) 


Variotis 


LIBRARY FUN 


D. 


DONATIONS, 18S9-90. 






£ s. i. 


A. Beldam 


10 


■A. Lawrie 


1 18 


•M. 0. MoKoUar 


1 8 


A. MoMupohy 


10 


H. Hammet . . 


10 


J. Tajlor 


10 
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EXTRACT FROM BY-LAWS AS TO MEMBERSHIP. 



I EngiDecrs, pos^eseing 
n addition, occupied tho 
pOBinon oi i^niPi or oeconu rjii(niiei.'r, uunnK a ptnou of not losa than twelve 
calendar months prior to thadateof their ap^ioation for Membership, or, in the 
alternative, the; DinBt bo Engrineers in virtue of their education and eijierieDce, 
tvho occupy, or have occupied, respongible positions on shore in tho designing or 
conatruction of machinery in connection witji Murine Enfrincerintc, or in the 
directing or carrying on of work connected with Marine Engineering. 
Entrance Fee, .£1. Annual Svbhcbiption, ^I Is, 

ASSOCIATE MEMBERS. 

CandidnteH for adniission aa Associate Members must be EnsiiieerB, 

a easing Second Class Board of Trade Certificatea, and who hove, in addition, 
charge of a watch at sea during a period of not Icaa than eighteen calendar 
months prior to the datv of their application for Membership, or, in the 
olti^mutiTe. they must be Engineers in virtue of their education and experience, 
vho occupy, or have occupied, some scnii-respon Bible position on shore, in the 
deiigning or construction of machinery in connection with Marine Engineering, 
or in the directing or carrying on of work connected with Harino Enfrineering. 
Entbance Fbe, £1. Anndal Sdbbcbiption, 15s. 

ASSOCIATES. y, 

Candidates for admission as Associates must k^^Mtfanaih not under the 
ago of twenty-one years, who, by virtue of their education and experience, are 
Engineers, and who follow, or propose to foUow, the occupation of Marine 
Engineers, or ^ occupation connected with Marine Engineering. 

Entbakck Fee, ISs. ANnrAL Subbcbiption, IOh. 

GKADUATES, 



Apprentices during a period of not less than three years prior to their 
application for membcrshipj and who propose to foUow the occupation of 
Marine Engineers, or an occupation connected with Marino Engineering 

Entrance Fee, lOs. Annual SrBHcaiPTioN, 5b. 

Any Gradnat« mar bo afterwards admitted as an ABBOciat«, Associate 
Member or Member (as the case mav be), any Associate as an Associate Member 

•r Member (as the ease m;^ be), a 



The Council shall have power to elect as Honorary Members, Peers, 
Members of Parliament, persons holding high civic or other distinguished 
positions, or influential persons connected with, or interested in, engineering, 
subject to snch regulations as the Council shall from time to time decide. 
Sucn Candidates sluill be entlUod to be baUoUod for immediately. 

Annual Domation Optional. 



April 8tk, 1890. 

At a Meeting of Council held subsequeDt to the Annual 
Meeting, Vice-Presidenta, also the cunveners of the various Com- 
mitteee were appointed as under : — 



Ur, C. a. Chook 

„ W. J. Cbaio 

„ T, W, FwH 

„ J. Mc F. Obat 

„ G. W. KiBD 

„ H. Priob 

„ H. M. Bait 



Uk. R. Aduc 
„ R. Brccb 
„ L, P. Col-bio 
„ D. Okbir 

„ A. OtBB 

„ J, G. Hawthobii 



Mb. G. W, MANUEL. 

Sanorary Stcrelary : 

tin. JAS. ADAMSOy. 

Sanoraiy Titatuitr; 

Mb, R. LESLIE. 

Bi»( rntidenl: 

Mb. ASPLAN beldam. 

fiee-Preivitiili : 

Hb. W. C. Bobbbw 
„ a. w, bohbrtson 

„ J At. Stbwabt 

„ John Taw 
„ J. H. Tbobbon 
„ Jas. Wbib 
„ G. J. WiLKniaoii 
Mb. F. W. "Wtmbh. 

Mb. C. Hudson 

„ A. J. MlOIMNIS 

„ D. McMillan 
,, M. Fbiob 
„ S; a Saob 
„ F. W. Srobbi 
Mb. W, W. Wimoij. 

Jtinule StcTttary : 
Mb. J. R. RUTHVEN. 



Cemiintrt efCommitUtt : 

Mb. J. D. Chubchill, FremiHt 
„ S. C. Sagb, Btcrttttim 
„ F. W. Shobbt, Stading S«om 
„ J. H. Thokboh, Froperty 



t. R. Adam, Library 
R. Bbdcb, Ftnane* 
L. F. CouBBo, Faptri f Biieutiietu 
J. O. Hawthobm, CUMif^t i Prtu 

Mb. W. W. WiLBOit, lane qf Tramaetitm. 
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